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§s  N  this  ElTay  I  mean  to  offer 

,/«v  J 

fome  Remarks  on  the  Me- 


*£>+( p' 


I 


thods  that  hare  been  com- 

S AS. AY  i  r  i  ’  •  r 

moniy  nfeci  m  treating  or 
thofe  Engines  that  are  called  the  Me- 
chanick  Powers ;  and  to  give  an  Account 
of  the  Principles  on  which,  I  think,  we 
may  bell  explain  their  Nature  and  Man¬ 
ner  of  Adling. 

The 


*  This  EfTay  was  read  at  a  Meeting  of  the 
Royal  Society  on  the  2 id  and  '23th  of  April , 
1765,  communicated  in  a  Letter,  dated  13  July 

N  a-  1762, 
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The  many  ufeful  Inftruments  that 
have  been  fo  ingenioufly  invented,  and 
fo  fuccefsfully  executed,  and  the  great 
Perfection  to  which  the  Mechanick  Arts 
are  now  arrived,  would  naturally  incline 
one  to  think  that  the  true  Princip'es  on 
which  the  Efficacy  and  Operations  of 
the  feveral  Machines  depend,  muff 
long  fince  have  been  accurately  ex¬ 
plained.  But  this  is  by  no  Means  a 
neceffary  Inference  ;  for,  however  Men 
may  differ  in  their  Opinions  about  the 
true  Method  of  accounting  for  the  Ef¬ 
fects  of  the  feveral  Machines,  vet 
the  practical  Principles  of  Mechanicks 
are  fo  perfectly  known  by  Experience 
and  Obfervation,  that  the  Artift  is 
thereby  enabled  to  contrive  and  adjuff 
the  Movements  of  his  Engines  with 

as 
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Uy.  in  Hertjordjhire.  Vide  Phil.  TranfaffionE 
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as  much  Certainty  and  Succefs  as  he 
could  do,  were  he  thoroughly  acquainted 
with  the  Laws  of  Motion,  from  which 
thefe  Principles  may  be  ultimately  deriv¬ 
ed.  However,  though  an  Inquiry  into 
the  true  Method  of  deducing  the  prac¬ 
tical  Principles  of  Mechanicks  from  the 
Laws  of  Motion,  ihould  perhaps  not 
contribute  much  to  promote  the  Progrefs 
of  the  Mechanick  Arts,  yet  it  is  an 
Enquiry  in  itfelf  ufeful,  and  in  fome 
Meafure  neceffary ;  for,  fince  late  Au¬ 
thors  have  ufed  very  different  Methods 
of  treating  this  SubjeH,  it  may  be  fup- 
pofed  that  no  one  Method  has  been 
looked  upon  as  fatisfaflory  and  unex¬ 
ceptionable.  I  fhouid  therefore  wifh  to 
contribute  towards  having  this  Subjedt 
treated  with  more  Accuracy  than  has 
been  hitherto  done. 

The  mode  noted  Th  eorem  in  Mecha¬ 
nicks  is  this,  “  When  tvro  heavy  Bo¬ 
dies  counterpoife  each  other  by  Means 
of  any  Machine,  and  are  then  made 

<£  to 
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“  to  move  together,  the  Quantities  of 
ct  Motion  with  which  one  defcends  and 
“  the  other  afcends  perpendicularly  will 
c<  be  equal/’  An  ^Equilibrium  always  ac¬ 
companying  this  Equality  of  Motions, 
bears  fuch  a  Refemblance  to  the  Cafe 
wherein  two  moving  Bodies  hop  each 
other  when  they  meet  together  with 
equal  Quantities  of  Motion,  that  many 
Writers  have  thought  that  the  Caufe  of 
an  ^Equilibrium  in  the  feveral  Machines 
might  be  immediately  affigned  by  fay¬ 
ing,  that  fince  one  Body  always  lofes 
as  much  Motion  as  it  communicates  to 
another,  two  heavy  Bodies  counteraft- 
ing  each  other  mull  continue  at  Reft, 
when  they  are  fo  circumftanced  that 
one  cannot  defcend  without  cauling  the 
other  to  afcend  at  the  fame  Time,  and 
with  the  fame  Quantity  of  Motion  ; 
for  then  fliould  one  of  them  begin  to 
defcend,  it  mull  inftandy  lole  its  whole 
Motion  by  communicating  it  to  the 
other.  This  Argument,  however  plau¬ 
sible  it  may  feem,  I  think  is  by  no 

Means 
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Means  fatisfadtory  ;  for  when  we  fay 
that  one  Body  communicates  its  Motion 
to  another,  we  mu  ft  neceflarily  fuppofe 
the  Motion  to  exift  firft  in  the  one 
and  then  in  the  other  ;  but  in  the  prefent 
Cafe,  where  the  twro  Bodies  are  fo  con¬ 
nected  that  one  cannot  poffibly  begin 
to  move  before  the  other,  the  defend¬ 
ing  Body  cannot  be  faid  to  communi¬ 
cate  its  Motion  to  the  other,  and  there¬ 
by  make  it  afcend  :  But  whatever  we 
fhould  fuppofe  caufes  one  Body  to  de¬ 
fend,  muff  be  alfo  the  immediate  Caufe 
of  the  other's  afcending,  fince,  from 
the  Connexion  of  the  Bodies,  it  muff 
afl  upon  them  both  together,  as  if 
they  were  really  but  one.  And  there¬ 
fore,  without  contradidting  the  Laws  of 
Motion,  I  might  fuppofe  the  fuperior 
Weight  of  the  heavier  Body,  which  is 
in  itfelf  more  than  able  to  fuftain  the 
lighter,  would  overcome  the  lighter,  and 
caufe  it  to  afcend  with  the  fame  Quan¬ 
tity  of  Motion  with  which  the  heavier 
defends ;  efpecially  as  both  their  Mo¬ 
tions, 
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tions,  taken  together,  may  be  lefs  than 
what  the  Difference  of  the  Weights, 
which  is  here  fuppofed  to  be  the  mov¬ 
ing  Force,  would  be  able  to  produce 
in  a  Body  falling  freely. 

However,  as  the  Theorem  abovemen- 
fioned  is  a  very  elegant  one,  it  ought 
certainly  to  be  taken  Notice  of  in  every 
Treatife  of  Meehanicks,  and  may  ferve 
as  a  very  good  Index  of  an  /Equilibrium 
in  all  Machines ;  but  1  do  not  think 
that  we  can  from  thence,  or  from  any 
one  general  Principle,  explain  the  Na¬ 
ture  and  Effects  of  all  the  Mechanick 
Powers  in  a  fatisfadlory  Manner,  becaufe 
fome  of  thefe  Machines  differ  very  much 
from  others  in  their  Structures,  and  the 
true  Reafon  of  the  Efficacy  of  each  of 
them,  is  befl  derived  from  its  particu¬ 
lar  Strudlure. 

The  fimple  Mechanick  Powers  are  ufu- 
ally  reckoned  fix ;  the  Lever,  Axle  and 
Wheel,  Pulley,  Wedge,  inclined  Plane, 

and 
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and  Screw.  I  {hall  confider  thefe  Ma¬ 
chines  feparately,  and  fhall  explain  the 
Nature  and  Property  of  each  of  them, 
by  fhewing  from  its  Struflure  what 
Weight  it  will  enable  any  given  Force 
to  fuftain. 

The  Lever  is  confiderecl  as  an  inflex¬ 
ible  Line,  void  of  Weight,  and  move¬ 
able  about  a  fixed  Point  called  its  Ful¬ 
crum  or  Prop.  The  Property  of  the 
Lever,  erprefled  in  the  moil  general 
Terms,  is  this;  (i  When  two  Weights, 
“  or  any  two  Forces,  a6l  againfl  each 
44  other  on  the  Arms  of  a  Lever,  and 
and  are  in  ^Equilibria ,  they  will  be 
“  to  each  other  inverfly  as  the  perpen- 
dicular  or  fhorteil  DiPcances  of  their 
44  Lines  of  Dire&ion  from  the  Fulcrum F 

This  Propofition  contains  two  Cafes, 
for  the  Dire&ions  of  the  Forces  may 
either  meet  in  a  Point  or  be  parallel  to 
each  other.  Mofl  Writers  begin  their 
Demonflration  of  this  Propofition  with 

the 
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the  fecond  Cafe,  which  Teems  to  he  the 
fimpleft,  and  from  which  the  other  may¬ 
be  deduced  by  the  Refolution  of  Forces. 
Archimedes ,  in  his  Demonstration,  fets 
out  with  a  Suppofition,  the  Truth  of 
which  may  reafonably  be  doubted :  For 
he  fuppofes,  that  if  a  Number  of  equal 
Weights  be  fufpended  from  the  Arm 
of  a  Lever,  and  at  Points  equidiflant 
from  each  other,  whether  all  thefe  Points 
be  at  the  fame  Side  of  the  Fulcrum , 
or  fome  of  them  on  the  oppofite  Side, 
thefe  Weights  will  have  the  fame  Force 
to  turn  the  Lever  as  they  would  have 
were  they  all  united  and  fufpended 
from  a  Point  which  lies  in  the  Middle 
between  all  the  Points  of  Sufpenfion, 
and  may  be  confidered  as  the  common 
Center  of  Gravity  of  all  the  feparate 
Weights.  Mr.  Huygens ,  in  his  Mifcella- 
neous  Ohfervations  on  Mechanicks ,  fays  that 
fome  Mathematicians  have  endeavoured, 
by  altering  the  Form  of  this  Demon- 
llration,  to  render  its  Defefls  lefs  fenfi- 
ble;  though  without  Succefs.  lie  there¬ 
fore 
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fore  propofed  another  Proof,  which  is 
•extremely  tedious  and  prolix,  and  alfo 
■depends  on  a  Pojlulatwn  that,  I  think, 
ougdu  not  to  he  granted  on  this  Occa- 
Lon  ;  it  is  this  :  44  When  two  equal 

44  Bodies  are  placed  on  the  Arms  of  a 
4  4  Lever,  that  which  is  furtheft  from  the 
44  Fulcrum  will  prevail  and  raife  the 
44  other  up/'  Now  this  is  taking  it  for 
granted,  in  other  Words,  that  a  final! 
Weight  placed  further  from  the  Fid- 
crum  will  fuftain  or  raife  a  greater  one. 
The  Caule  and  Reafon  eff  which  Fa 
rnult  be  derived  from  the  D ern on fl ra¬ 
tion  that  follows,  and  therefore  this  I3e- 
rnonfl  ration  ought  not  to  be  founded 
on  the  fuppofed  Self-evidence  of  what 
is  partly  the  Thing  to  be  proved. 

Sir  Ifaac  Newton's  Demonliration  of 
this  Propohtion  is  indeed  very  concife, 
but  it  depends  on  this  Suppofition. 
That  when  from  the  Fulcrum  of  a  Lo¬ 
wer  feveral  Arms  or  Radii  iffue  out  in 
-different  Dire&ions,  all  lying  in  the 

O  fame 
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fame  vertical  Plane,  a  given  Weight 
will  have  the  fame  Power  to  turn  the 
Lever  from  which-ever  Arm  it  hangs, 
provided  the  Diftance  of  its  Line  of 
Dire&ion  from  the  Fulcrum  remains 
the  fame.  Now  it  mull  appear  difficult 
to  admit  this  Suppofition,  when  we  con- 
fider  that  the  Weight  can  exert  its  whole 
Force  to  turn  the  Lever  only  on  that  Arm 
which  is  the  fhortefl,  and  is  parallel  to  the 
Horizon,  and  on  which  it  adls  perpen¬ 
dicularly,  and  that  the  Forces  which  it 
exerts,  or  with  which  it  a£ls  perpendi¬ 
cularly,  on  any  one  of  the  oblique 
Arms,  mull  be  inverfly  as  the  Length 
of  that  Arm,  which  is  evident  from 
the  Refolution  of  Forces. 

Mr.  Madaurin ,  in  his  View  of  Newton  s 
Philofophy ,  after  giving  us  the  Methods 
by  which  Archimedes  and  Newton  prove 
the  Property  of  the  Lever,  propofes 
one  of  his  own,  which,  he  fays,  ap¬ 
pears  to  be  the  mod  natural  one  for 
this  Purpofe.  From  equal  Bodies,  fuf- 

taining 
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taming  each  other  at  equal  DiRances 
from  the  Fulcrum ,  he  Riews  us  how  to 
infer  that  a  Body  of  one  Pound  (for 
Infiance)  will  fuftain  another  of  two 
Pounds  at  Half  its  DiRance  from  the 
Fulcrum ,  and  from  thence  that  it  will 
fuRain  one  of  three  Pounds  at  a  third 
Part  of  its  DiRance  from  the  Fulcrum  • 
and  going  on  thus,  he  deduces,  by  a 
Kind  of  Induction,  what  the  Propor¬ 
tion  is  in  general  between  twro  Bodies 
that  fuRain  each  other  on  the  Arms 
of  a  Lever.  But  this  Argument,  were 
it  otherwife  fatisfadiory,  yet  as  it  can¬ 
not  be  applied,  when  the  Arms  of  the 
Lever  are  incommenfurable,  it  cannot 
conclude  generally,  and  therefore  is  im- 
perfehl. 

There  are  fome  Writers  on  Mecha- 
nicks  who,  from  the  Compofition  of 
Forces,  demonilrate  that  Cafe  of  the 
general  Propofition,  relating  to  the  Le¬ 
ver,  in  which  the  Diredlions  of  the 
Forces  are  oblique  to  each  other,  and 

’  O  2 
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meet  in  a  Point :  But  I  do  not  find  that 
they  have  had  any  other  Way  of  prov¬ 
ing  the  fecond  Cafe,  in  which  the  Di¬ 
rections  of  the  Forces  are  parallel,  but 
by  confidering  thefe  Dire6tions  as  mak¬ 
ing  an  Angle  with  each  other,  though 
an  infinitely  fmall  one,  or  as  meeting  at 
an  infinite  Diftance ;  which  Way  of 
reafoning  is  not  to  be  admitted  in  Sub¬ 
jects  of  this  Kind,  where  the  Proof 
ihould  always  fhew  us,  diretly  from 
the  Laws  of  Motion,  why  the  Conclu- 
iion  mufl  be  true,  in  fuch  manner  that 
we  might  fee  clearly  the  Force  of  every 
Step  from  the  firll  Principles  down  to 
the  Conclufion,  which  we  are  prevented 
from  doing  when  any  fuch  arbitrary 
and  inconfiftent  Suppofition  is  introduced. 

From  thus  confidering  the  various 
Proofs  that  have  been  given  of  this  fun¬ 
damental  Proportion  in  Mechanicks,  we 
may  fee  the  Reafon  why  many  fubfe- 
quent  Writers  have  appeared  dilfatisfied 
with  the  former  Demonfiralions,  and 

have 
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have  looked  for  new  ones ;  I  fliall  now 
propofe  two  Methods  of  demonftrating 
it,  merely  from  the  Compohtion  anct 
Refolution  of  Forces.  The  Proportion 
may  be  expreffed  as  follows. 

£:  When  three  Forces  acl  upon  an 
<£  inflexible  Line,  whether  flraight  or 
££  crooked,  and  keep  it  in  JEquilibno , 
££  any  two  of  them  will  be  to  each 
C£  other  inverfly  as  the  perpendicular 
££  Diftances  of  their  Lines  of  Direction 
<£  from  that  Point  to  which  the  third 
64  Force  is  applied." 

Let  the  three  Forces  E,  G,  F,  (Fig-.  2,) 
a  cl  upon  three  Points  A,  B,  D,  in  an 
inflexible  Line  ;  and  fir  ft  let  the  Di¬ 
rections  of  the  Forces  E  and  F  (which 
acl  on  the  fame  Side  of  the  Line) 
meet  in  the  Point  C.  Then  it  is  evi¬ 
dent  that  the  Force,  which  is  com¬ 
pounded  of  thefe  two,  muft  a 61  upon 
the  Line  A  B  D  in  the  Direction  of 
a  right  Line  that  pafieth  through  the 

O  3  Point 
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«  Point  C,  confequently  the  Force  G, 
which  fuftains  this  compounded  Force, 
muft  be  equal  thereunto,  and  mull  a 61 
^  in  a  contrary  Direction  ;  therefore  the 
l  Force  G  mufl  aft  in  the  Diredion  of 

•  the  Line  C  B.  From  the  Point  B  draw 

» 

B  H  and  B  K  perpendicular  to  the  Di¬ 
rections  of  the  Forces  E  and  F,  and 
!  draw  B  M  and  B  N  parallel  to  thefe 
i  ^  Directions  forming  the  Parallelogram 

j  *  B  M  C  N ;  then,  fince  thefe  three 

*  Forces  are  in  sEquihbrio,  they  mull  be 

*  to  each  other  refpeftively  as  the  Sides 
^  and  Diagonal  of  this  Parallelogram  to 

which  their  Direftions  are  parallel,  there¬ 
fore  E  is  to  F  as  CM,  to  C  N,  or 
M  B,  that  is  (becaufe  the  Sides  of  a 
Triangle  are  as  the  Sines  of  the  oppo- 
fite  Angies)  as  the  Sine  of  the  Angle, 
M  B  C  or  its  alternate  one,  B  C  N  to 
I  the  Sine  of  the  Angle  B  C  M  ;  but, 

I  ♦  making;  C  B  the  Radius ,  B  K  is  the  Sine 
of  the  former  Angle,  and  B  H  of  the 
latter,  therefore  E  is  to  F  as  B  K  to 
B  Id,  fo  that  the  Forces  E  and  F  are 

to 
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to  each  other  inverfly  as  the  perpendi-  \ 
cular  Diftsnces  of  their  Lines  of  Di~  j 
redfion  from  the  Point  B,  on  which  I 
the  third  Force  G  adfs.  Now  to  com-  j 
pare  the  Forces  F  and  G  together  ;  from  | 
the  Point  A,  on  which  the  third  Force  J 
adfs,  draw  A  B  and  A  L  perpendicular  J 
to  the  Diredfions  of  the  Forces  G  and  | 

F,  then,  as  was  faid  before,  F  is  to  G  * 
as  M  B  is  to  C  B.  but  M  B  is  to  C  B  § 
as  A  B  to  A  L  ;  becaufe,  making  CA  J 
the  Radius ,  A  B  is  the  Sine  of  the  1 
Angle  M  C  B,  and  A  L  is  the  Sine  of  1 
the  Angle  M  C  N,  or  C  M  B  its  Sup-  1 
plement  to  two  right  ones ;  therefore  the  ’ 
Forces  F  and  G  are  to  each  other  in¬ 
verfly  as  the  perpendicular  Biilances  of 
their  Lines  of  Diredfion  from  the  Point  / 
A,  on  which  the  third  Force  E  adds  ;  f 
and  thus  the  firfl  Cafe  of  the  Propoii- 
tion  is  proved,  in  which  the  Forces  adf 
againft  each  other  in  oblique  Diredtions. 

: 

We  muff  now  confider  what  Parts 
of  the  Forces  E  and  F  adt  againft  the 

Force 
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Force  G  in  Dire&ions  parallel  to  G  C, 
for  it  is  fuch  Parts  only  that  really 
oppofe  the  Force  G,  and  keep  it  in 
JEquilihrio ,  and  from  thence  we  fhall  fee 
what  Proportion  two  Forces  mull  have 
to  each  other  when  they  are  in  jEquih- 
brio ,  and  a 61  in  parallel  Directions.  Let 
the  three  f  orces  a£t  upon  the  Points 
A,  B  and  D,  (Fig.  3.)  let  them  be  in 
sEquilibrio,  and  their  Lines  of  Direction 
meet  in  the  Point  C.  as  in  the  pre¬ 
ceding  Cafe ;  then  if  the  Points  A, 
B  and  D,  are  not  in  a  right  Line, 
draw  the  Line  A  D  meeting  B  C  in  P, 
and  from  P  draw  P  N  and  P  M  paral¬ 
lel  to  the  Directions  of  the  Forces  L 
and  F  ;  through  the  Points  A  and  D 
draw  Lines  parallel  to  B  C,  and  thro’ 
B  draw  a  Perpendicular  to  thefe  Lines 
meeting  them  in  H  aaad  K,  from  the 
Point  M  draw  M  O  parallel  to  A  D, 
and  meeting  B  C  in  O.  Now  the  three 
Forces  E,  G  and  F,  that  are  in  ALqui- 
librio ,  will  be  to  each  other  refpeCtively 
as  the  Sides  of  the  Triangle  C  M  P.  as 


! 
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in  the  preceding  Cafe  ;  but  the  Force 
E,  which  is  denoted  by  the  Line  M  C, 
may  be  reiblved  into  twro  Forces  aChng 
in  the  Directions  M  O  and  O  C,  the 
former  of  thefe  only  urges  the  Point  A 
towards  D,  and  the  latter  a£ts  in  cliredt 
Oppofition  to  the  force  G  ;  in  like 
Manner  the  Force  F,  which  is  denoted 
by  the  Line  P  M,  may  be  refolded  into 
two  Forces  aCtins  in  the  Directions  O  M 

o 

and  P  O,  the  former  of  which  only 
urges  the  Point  D  towards  A,,  and  the 
latter  a£ts  in  direCt  Oppofition  to  the 
Force  G  ;  now  it  is  evident  that  the 
Force  G,  which  is  denoted  by  the 
Line  P  C?  is  fuftained  only  by  thofe 
Parts  of  the  Forces  E  and  F,  which 
a£t  againft  it,  in  Directions  parallel  to 
B  C,  and  are  denoted  by  the  Lines  O  C 
and  P  O,  which,  taken  together,  are 
equal  to  PC,  for  the  other  Parts  of 
the  Forces  E  and  F  which  are  denoted 
by  M  O,  are  loft,  being  equal  and  con¬ 
trary  to  each  other  ;  if,  therefore,  in- 
ftead  of  the  Forces  F  and  E,  we  fup- 

po  fe 
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(  pofe  two  other  Forces  R  and  L,  to  a£t 
i  on  the  Points  D  and  A,  in  Directions 
parallel  to  B  C,  and  to  keep  the  Force 
G  in  /Equilibrio ,  it  follows,  from  what 
has  been  proved,  that  R  and  L,  taken 
together,  will  be  equal  to  G,  and  that 
thefe  three  Forces  will  be  to  each  other 
refpeClively  as  the  Lines  P  O,  O  C  and 
i  PC;  therefore  R  will  be  to  L  as  (P  O 
j  to  O  C,  that  is,  as  A  M  to  M  C,  or 

/  ^as  A  P  to  P  D,  or)  H  B  to  B  K,  con- 

fequently  the  Forces  R  and  L  are  to 
each  other  inverlly  as  the  perpendicu¬ 
lar  Diilances  of  their  Lines  of  Direc- 
|  tion  from  the  Point  B,  to  which  the 

<)  third  Force  is  applied.  Now  to  compare 

•  ‘the  Forces  R  and  G  together;  fmce 
the  Forces  R  and  L  may  be  denoted 
by  B  H  and  B  K,  and  are  both  toge¬ 
ther  equal  to  G,  that  Force  will  be  de¬ 
noted  by  the  whole  Line  K  H,  and 
therefore  R  will  be  to  G  as  B  H  to 
j  K  Id  ;  fo  that  thefe  Forces  are-  alfo  to 
j  each  other  inverfly  as  the  perpendicu¬ 
lar  Diilances  of  their  lines,  of  Direc¬ 


tion 
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ti-on  from  the  Line  of  Direction  of  the 
third  Force  L  ;  and  thus  the  fecond 
Cafe  of  the  Propofition  is  proved,  in 
which  the  Forces  adt  arainft  each  other 

O 

in  parallel  Directions.  If  the  Point  in 
the  inflexible  Line,  to  which  one  of 
the  Forces  is  applied,  fhould  become  a 
fixed  Point,  or  Fulcrum ,  round  which 
the  Line  may  turn,  it  is  evident  that 
the  other  two  Forces  will  continue  in 
FEquilibrio ,  as  they  were  before,  and 
therefore  the  Property  of  the  Lever,  in 
all  Cafes,  is  manifeflly  proved  by  this 
Propofition. 

The  Center  of  Gravity  of  a  Body  is 
fa  id  to  be  that  Point  which  being  fuf- 
tained,  or  prevented  from  defcendmg, 
the  Body  will  continue  at  reft.  From 
hence  it  follows,  that  when  a  Body 
hangs  freely  from  a  fmgle  Point,  and 
continues  at  reft,  its  Center  of  Gravity 
will  lie  perpendicularly  under  the  Point 
of  Sufpenfton;  for  in  that  Situation 

only 
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only  it  will  be  fudained,  and  can  de- 
fcend  no  lower. 

From  this  Property,  which  agrees 
likewife  to  the  common  Center  of  Gra¬ 
vity  of  two  Bodies,  joined  together  by 
an  inflexible  right  Line,  and  which 
may  then  be  confidered  as  one,  I  fhall 
ihew  that  their  Center  of  Gravity  is 
a  Point  in  the  Line  that  joins  them 
together,  fo  fituated  that  the  Diftances 
«of  the  two  Bodies  from  it  are  to  each 
other  inverfly  as  their  Weights.  This 
Theorem  concerning  the  Pofition  of  the 
common  Center  of  Gravity  of  two 
Bodies,  which  is  a  very  noted  one  in 
Mechanicks,  I  have  never  feen  demon- 
'flrated  otherwife  than  by  inferring  it 
from  the  general  Property  of  the  Lever: 
But  I  think  the  Method  I  fhall  now 
propofe  of  deducing  it  diredlly  from  the 
Definition  of  the  Center  of  Gravity,  is 
the  mod  concife,  as  well  as  the  mod 
natural,  and,  befides,  it  will  afford  us 
a  very  eafy  Way  of  dcmondrating  the 
Property  of  the  Lever. 


Let 
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Let  the  Two  Bodies  A  and  B  (Fig.  4.)  jj 
be  joined  by  an  inflexible  right  Line  | 
palling  through  their  Centers  of  Gra-  \ 
vity,  and  let  them  be  fufpended  from  j 
the  fixed  Point  or  Pin  at  P,  by  the  I 
Threads  A  P  and  B  P,  fo  that  they  j 
may  hang  freely  in  fuch  a  Pofition  as  \ 
their  joint  Gravity  will  give  them. 
When  thefe  Bodies  continue  at  Reft,  )’ 
their  common  Center  of  Gravity  muft 
lye  diredlly  under  the  Point  of  Suf- 
penfion,  or  in  the  perpendicular  Line 
P  L,  confequently  it  muft  be  at  the 
Point  C,  the  interfeciion  of  the  Lines 

J  1 

P  L  and  A  B  j  the  Pofition  of  which  1 
Point,  in  the  Line  A  B,  will  be  de-  t 
termined  by  finding  out  the  Proportion  j 
between  the  Segments  C  A  and  C  X 

Q 

If  the  inflexible  Lane  was  not  inter-  f 
pofed  between  thefe  Bodies,  they  would  j 
move  till  their  Threads  coincided  with  | 
the  perpendicular  Line  P  L  ;  fince  there-  1 
fore  they  are  kept  afunder  by  this  Line 
they  muft  urge  it  with  certain  Forces  in 
oppofite  DireCfions,  and  thefe  urging 

P  Forces  / 


Forces  muft  be  equal,  fince  the  Line 
on  which  they  aCt  continues  at  reft  ; 
and  therefore  the  Force  with  which 
each  Body  urges  the  -other  in  the  Di¬ 
rection  of  this  Line,  may  be  denoted 
by  the  fame  Letter  U,  and  we  may  de¬ 
note  the  Weights  of  the  two  Bodies 
refpeCtively  by  the  Letters  A  and  B. 
Now  the'  Body  A  is  aCted  upon  by 

three  Forces,  viz,  by  its  Weight  A  in 
the  Direction  P  C,  by  the  Force  U, 

with  which  the  other  Body  urges’  it, 

in  the  Direction  C  A,  and  by  the  reac¬ 
tion  of  the  Pin  in  the  Direction  A  P, 
and  fmce .  thefe  three  Forces  are  in 
jEquihbrio,  and  keep  the  Body  at  Reft, 
they  are  to  each  other  refpeCtively  as 
the  Sides  of  die  Triangle  P  CA;  there¬ 
fore  A  is  to  U,  as  P  C  to  C  A,  In 

like  Manner  the  Body  B  is  urged  by 

three  Forces,  viz.  its  Weight  B  in  the 
Direction  P  C,  the  urging  Force  U  in 
die  Direction  C  B,  and  the  reaction  of 
the  Pin  in  the  Direction  B  P,  which 
Forces  are  to  each  other  as  the  Sides 

of 
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of  the  Triangle  P  C  B,  therefore  U  is 
to  B,  as  C  B  to  P  C,  and  therefore 
(ex  a?  quo  perturb  ate)  A  is  to  B,  as  C  B 
to  C  A,  confequenily  the  Weights  oi 
the  Bodies  A  and  B  are  to  each  other 
inverfly  as  their  Diftances  from  the  Point 
C,  which  lies  direbtly  under  the  Point 
of  Sufpenfion,  and  is  therefore  their 
common  Center  of  Gravity. 


When  two  Bodies  are  connefted  by 
an  inflexible  Line,  and  this  Line  is  fup~ 
ported  by  a  Prop,  fo  that  their  Cen¬ 
ter  of  Gravity  cannot  defcend,  the  Bo¬ 
dies  mufl  continue  at  Reft,  and  will 
be  in  cequilibno.  Therefore  it  is  eafy 
to  fee  how,  from  the  Theorem  now 
demonftrated,  we  may  prove  the  Pro¬ 
perty  of  the  Lever  in  that  Cafe  where 
the  Directions  of  the  Forces  are  pa¬ 
rallel  ;  and  from  thence  the  other  Cafe,  i 
in  which  the  Directions  are  oblique  to  j 
each  other,  may  be  deduced  by  the 
Refolution  of  Forces,  as  is  ufuaily  done. 
And  this  is  the  fecond  Method  by  which 

P  2  I 
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I  laid  the  general  Property  of  the  Le¬ 
ver  might  be  firidUy  demonftrated. 

i 

The  Lever  is  the  mod  fimple  of  all 
the  Mechanick  Powers,  and  to  it  may 
be  reduced  the  Balance  and  the  Axis 
in  Pcritrochio ,  or  Axle  and  Wheel. 
Though  I  do  not  confider  the  Balance 
as  a  diflindt  Mechanick  Power,  becaufe 
it  is  evidently  no  other  than  a  Le¬ 
ver  fitted  for  the  particular  Purpofe  of 
comparing  the  Weights  of  Bodies,  and 
does  not  ferve  for  raifing  great  Weights 
or  overcoming  Refiftances  as  the  other 
Machines  do. 

When  a  Weight  is  to  be  raided  by 
Means  of  an  Axle  and  Wheel,  it  is  faf- 
tened  to  a  Cord  that  goes  round  the 
Axle,  and  the  Power,  which  is  to  raife 
it,  is  hung  to  a  Cord  that  goes  round  the 
Wheel.  If  then  the  Power  be  to  the 
Weight  as  the  Radius  of  the  Axle  to 
the  Radius  of  the  Wheel,  it  will  juft 
fupport  that  Weight;  as  will  eafily  ap¬ 
pear 
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pear  from  what  was  proved  of  the 
Lever.  For  the  Axle  and  Wheel  may 
he  confidered  as  a  Lever,  whofe  Fulcrum 
is  a  Line  palling  through  the  Center 
of  the  Wheel  and  Middle  of  the  Axle, 
and  whofe  long  and  fhort  Anns  are  the 
Radii  of  the  Wheel  and  Axle  which 
are  parallel  to  the  Horizon,  and  from 
whofe  Extremities  the  Cords  hang  per¬ 
pendicularly.  And  thus  an  Axle  and 
Wheel  may  be  looked  upon  as  a  Kind 
of  perpetual  Lever,  on  whofe  Anns 
the  Power  and  Weight  always  acl  per¬ 
pendicularly,  tho’  the  Lever  turns  round 
its  Fulcrum.  And  in  like  Manner,  when 
Wheels  and  Axles  move  each  other 
by  Means  of  Teeth  on  their  Periphe¬ 
ries,.  inch  a  Machine  is  really,  a  per¬ 
petual  compound  Lever:  and,  by  con  - 
fidering  it  as  fuch,  we  may  compute 
the  Proportion  of  any  Power  to  the 
Weight  it  is  able  to  fuilain  by  the 

Help  of  fuch  an  Engine.  And  Face 
the  Rciuii  of  two  contiguous  Wheels, 
whole  Teeth  are  applied  to  each  other 

p3 


are 
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are  as  the  Number  of  Teeth  in  each, 
or  inverfly  as  the  Number  of  Revolu¬ 
tions,  which  they  make  in  the  fame 
'Lime ;  we  may,  in  the  Computation, 
inflead  of  the  Ratio  of  thefe  Radii ,  put 
the  Ratio  of  the  Number  of  the  Teeth 
on  each  Wheel ;  or  the  inverfe  Ratio 
of  the  Number  of  Revolutions  they 
make  in  the  fame  Time. 

Some  Writers  have  thought  the  Na¬ 
ture  and  EfFecls  of  the  Pulley  might  be 
bell  explained  by  confidering  a  fixed 
Pulley  as  a  Lever  of  the  firft,  and  a 
moveable  Pulley  as  one  of  the  fecond, 
Kind.  But  the  Pulley  cannot  properly 
be  confidered  as  a  Lever  of  any  Kind, 
for  when  any  Power  lull  a  ins  a  Weight 
by  Means  of  a  Syftem  of  Pullies,  that 
rower  will  fufiain  the  fame  Weight  if 
the  Pullies  be  removed,  and  the  Ropes 
be  brought  over  the  Axles  on  which 
the  Pullies  turned.  And  in  this  Cafe 
I  believe  no  one  would  fay,  that  thefe 
Axles  could  be  confidered  as  Levers. 

It 
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If  the  Weight  was  to  be  raifed  up,  there 
would,  in  this  Cafe,  be  a  very  great 
Refinance  from  the  Fridlion  of  the 
Ropes  on  the  Axles  ;  and  it  is  merely 
to  avoid  this  Refiflance  that  Pullies  are 
ufed,  which  move  round  the  Axles  with 
but  little  Fri&ion.  I  think  the  bell 
and  moil  natural  Method  of  explaining 
the  Effedls  of  the  Pulley  (that  is,  of 
computing  the  Proportion  of  any  Power 
to  the  Weight  it  can  fuftain  by  Means 
of  any  Syftem  of  Pullies)  is  by  confi- 
dering  that  every  moveable  Pulley  hangs 
by  two  Ropes  equally  ftretched,  which 
mull  bear  equal  Parts  of  the  Weight; 
and  therefore  when  one  and  the  fame 
Rope  goes  round  feveral  fixed  and 
moveable  Pullies,  fince  all  its  Parts  on 
each  Side  of  the  Pullies  are  equally 
ftretched,  the  whole  Weight  mull  be 
divided  equally  amongft  all  the  Ropes 
by  which  the  moveable  Pullies  hang. 
And  confequently  if  the  Power  which 
a£fs  on  one  Rope  be  equal  to  the 
Weight  divided  by  the  Number  of 

Ropes, 
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Ropes,  that  Power  muft  fuftain  the 
Weight. 

* 

Upon  this  Principle,  the  Proportion 
of  the  Power  to  the  Vv  eight  it  fuftains 
by  Means  of  any  Syftem  of  Pullies, 
may  be  computed  in  a  Manner  fo  eafy 
and  natural,  as  muft  be  obvious  to  every 
common  Capacity, 


The  Proportion  which  any  Power 
bears  to  the  refilling  Force  it  is  able 
to  fuftain  by  Means  of  a  Wedge,  has 
has  been  laid  down  differently  by  dif¬ 
ferent  Authors,  as  they  happened  to 
conhder  it  in  particular  Cafes.  With¬ 
out  examining  their  fereral  Opinions, 
1  (hall  endeavour  to  exprefs  this  Pro¬ 
portion  in  one  general  Propofition, 
which  may  extend  to  the  feveral  Cafes 
in  which  the  Wedge  is  applied. 


Let  the  ALqidcrural  Triangle  ABC 
(Fig.  5)  reprefent  a  Wedge,  whole  Bafe 
.  or  Back  is  A  C,  and  Sides  are  the 
i  Lines, 


or 
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Lines  A  B  and  C  B,  and  whofe  Height 
is  the  Line  B  P,  which  hifedts,  the  ver¬ 
tical  Angle  ABC  and  alfo,  the  Bale 
perpendicularly  in  P.  When  a  Power 
is  applied  to  the  Wedge,  in  order  to 
overcome  or  remove  any  refilling  For¬ 
ces,  it  a£ls  perpendicularly  on  the  Back 
of  the  Wedge,  and  the  refilling  Forces 
a£l  on  its  Sides,  and  they  are  always 
fuppofed  to  a6l  in  Diredlions  that  make 
equal  Angles  with  the  Sides.  When 
the  refilling  Forces  and  the  Power,  that 
acls  on  the  W edge,  are  in  ^ Equilibria , 
the  former  will  he  to  the  latter,  as  the 
Height  of  the  Wedge  to  a  Line  drawn 
from  the  Middle  of  the  Bafe  to  one 
Side,  and  parallel  to  the  Direflion  in 
which  the  refilling  Force  a£ts  on  that  / 
Side. 


Let  E  and  F  reprefent  two  Bodies 
or  two  refilling  Forces  afling  on  the 
Sides  of  the  Wedge  perpendicularly, 
and  whofe  Lines  of  Diredlion  E  P  and 
F  P  meet  at  the  middle  Point  of  the 


Bafe 


i 
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/'Ba  fe,  on  which  the  Power  P  adls 
perpendicularly,  then  will  E  P  and  F  P 
be  equal,  let  the  Parallelogram  E  N  F  P 
be  compleated,  its  Diagonals  P  N  and 
E  F  will  bifecl  each  other  perpendicu¬ 
larly  in  H.  Now  when  thefe  Forces 
(which  adt  perpendicularly  on  the  Sides 
and  Bafe  of  the  Wedge)  a^re  in  /Equili¬ 
bria,  they  will  be  to  each  other  as  the 
Sides  and  Diagonal  of  this  Parallel¬ 
ogram,  that  is,  the  Sum  of  the  refilling 
Forces  will  be  to  the  Power  P,  as  the 
Sides  E  P  and  F  P  to  the  Diagonal  P  N, 
or  as  one  Side  E  P  to  half  the  Diagonal 
P  H,  that  is  (from  the  Similarity  of  the 
right-angled  Triangles  B  E  P,  E  Id  P) 

as  B  P,  the  Height  of  the  Wedge,  to  E  P 
\  t 

the  Line  which  is  drawn  from  the  Mid¬ 
dle  of  the  Bafe  to  the  the  Side  A  B,  and 
is  the  Diredlion  in  which  the  refilling 
Force  a£ls  on  that  Side. 

From  the  Demonfiration  of  this  Cafe, 
in  which  the  refilling  Forces  a£l  perpen¬ 
dicularly  on  the  Sides  of  the  Wedge,  it 
i :  appears 

i 
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appears  that  the  Refinance  is  to  the  ^ 
Power  which  fuftains  it,  as  one  Side  of  \ 
the  Wedge  A  B  is  to  the  Half  of  its 
Breadth  A  P  ;  becaufe  A  B  is  to  A  P 
as  BP  is  to  E  P. 

ft  appears  alfo  from  hence,  that  if 
P  N  be  made  to  denote  the  Force 
with  which  the  Power  P  ads  on  the 
Wedge,  the  Lines  P  E  and  P  F  which 
are  perpendicular  to  the  Sides,  will  de¬ 
note  the  Force  with  which  the  Power 
P  protrudes  the  refilling  Bodies  in  Di-  I 
redions  perpendicular  to  the  Sides  of  the  j 
Wedge.  I 

o  I 

// 

Let  us  now  fuppofe,  in  the  fecond  { 
Cafe,  that  the  refilling  Bodies  E  and  F  / 
ad  upon  the  Wedge  in  Diredions  parallel 
to  the  Lines  DP  and  O  P,  that  are 
equally  inclined  to  its  Sides,  and  meet  in 
the  Point  P.  Draw  the  Lines  E  G  and 
F  K  perpendicular  to  DP  and  OP ;  j 
then  making  P  N  denote  the  Force 
with  which  the  Power  P  ads  on  the 

W  edge 
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/'  Bafe,  on  which  the  Power  P  adls 
perpendicularly,  then  will  E  P  and  F  P 
be  equal,  let  the  Parallelogram  E  N  F  P 
be  compleated,  its  Diagonals  P  N  and 
E  F  will  bide  cl  each  other  perpendicu¬ 
larly  in  H.  Now  when  thefe  Forces 
(which  adl  perpendicularly  on  the  Sides 
and  Safe  of  the  Wedge)  aye  in  /Equili¬ 
bria ,  they  will  be  to  each  other  as  the 
Sides  and  Diagonal  of  this  Parallel¬ 
ogram,  that  is,  the  Sum  of  the  refilling 
Forces  will  be  to  the  Power  P,  as  the 
Sides  E  P  and  F  P  to  the  Diagonal  P  N, 
or  as  one  Side  E  P  to  half  the  Diagonal 
P  H,  that  is  (from  the  Similarity  of  the 
right-angled  Triangles  B  E  P,  E  H  P) 
as  B  P,  the  Height  of  the  Wedge,  to  E  P 
the  Line  which  is  drawn  from  the  Mid¬ 
dle  of  the  Bafe  to  the  the  Side  A  B,  and 
is  the  Diredlion  in  which  the  refilling 
Force  a£ls  on  that  Side. 


I 


l 


t 

\ 


\ 


From  the  Demonflration  of  this  Cafe, 
in  which  the  refilling  Forces  a61  perpen¬ 
dicularly  on  the  Sides  of  the  Wedge,  it 
t :  appears 

i 

» 
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appears  that  the  Refinance  is  to  the 
Power  which  fuhains  it,  as  one  Side  of  \ 
the  Wedge  A  B  is  to  the  Half  of  its  j 

Breadth  A  P  ;  becaule  A  B  is  to  A  P  j 

as  BP  is  to  E  P.  : 

It  appears  alfo  from  hence,  that  if 
P  N  be  made  to  denote  the  Force 
with  which  the  Power  P  a£ts  on  the 
Wedge,  the  Lines  P  E  and  P  F  which 
are  perpendicular  to  the  Sides,  will  de¬ 
note  the  Force  with  which  the  Power 
P  protrudes  the  refilling  Bodies  in  Di- 
reflions  perpendicular  to  the  Sides  of  the 
Wedge. 

o 

Let  us  now  fuppofe,  in  the  fecond 
Cafe,  that  the  refilling  Bodies  E  and  F 
26I  upon  the  Wedge  in  Directions  parallel 
to  the  Lines  D  P  and  O  P,  that  are 
equally  inclined  to  its  Sides,  and  meet  in 
the  Point  P.  Draw  the  Lines  E  G  and 
F  K  perpendicular  to  DP  and  O  P  • 
then  making  P  N  denote  the  Force 
with  which  the  Power  P  afls  on  the 

W  edge. 
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Wedce,  P  E  and  P  F  will  denote  the 
Forces  with  which  it  protrudes  the 
refilling  Bodies  in  Dire 61  ions  perpendi¬ 
cular  to  the  Sides  of  the  Wedge,  as  I 
obferved  before ;  now  each  of  thefe  For¬ 
ces  may  be  refolved  into  Two,  denoted 
refoetliveiy  by  the  Lines  P  G  and  G  E, 
P  K  and  K  F,  of  which  G  E  and  K  F 
!  will  be  loll,  as  they  act  in  Directions 
;  perpendicular  to  thofe  of  the  refilling 
;  Bodies,  and  P  G  and  P  K  will  denote 
the  Forces  by  which  the  Power  P  op- 
pofes  the  refilling  Bodies,  by  protruding 
them  in  Directions  contrary  to  thofe  in 
1  which  they  act  on  the  Wedge;  there  - 
l  fore  when  the  refilling  Forces  are  in 
JEquilibno  with  the  Power  P,  the  for- 
■  xner  mull  be  to  the  latter,  as  the  Sum 
of  the  Lines  P  G  and  P  K  is  to  P  N, 
or  as  P  G  is  to  P  H,  that  is,  as  P  B, 
the  height  of  the  Wedge,  is  to  P  D  * 


the 


*  vp  G  is  to  P  II  as  P  B  to  P  DJ]  The 
right  angled  Triangles  P  G  E  and  PED  are 

fimilar 
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the  Line  drawn  from  the  Middle  of  the 
Bafe  to  one  Side  of  the  W edge  and  pa-  * 
rallel  to  the  Direction  in  which  the  re- 
filling  Force  acts  on  that  Side.  \ 

From  what  has  been  demo  nil  rated, 
we  may  deduce  the  Proportion  of  the 
Power  to  the  Refiitance  it  is  able  to 
fuftain  in  all  the  Cafes  in  which  the 
W  edge  is  applied.  Fir  ft,  when  in  cleav¬ 
ing  Timber  the  Wedge  fills  the  Cleft, 
then  the  Refiilance  of  the  Timber  acts 
perpendicularly  on  the  Sides  of  the 
Wedge,  therefore  in  this  Cafe,  when 
the  Power  which  drives  the  Wedge,  is 

Q  to 

fimilar,  having  the  Angle  at  P  common  ter"' 
both  j  therefore  P  G  is  to  P  E  as  P  E  rd*  j 
P  D  ;  fo  likewife  the  rightangled  Trianglei  ‘ 
P  H  E  and  P  E  B  are  fimilar,  and  therefore 
PH  is  to  P  E  as  P  E  to  P  B  ;  therefore  the  j* 
re&angles  P  G  into  P  D  and  P  II  into  P  B  j 
are  equal,  each  of  them  being  equal  to  the  j 
Square  of  P  E,  confequently  their  Sides  are  f 
reciprocally  proportional,  that  is,  P  G  is  to  j 
PH  as  P  3  to  PD,  L 
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to  the  cohefive  Force  of  the  Timber, 
as  Half  the  Bafe,  to  one  Side  of  the 
W edge,  the  Power  and  Reliitance  will 
be  in  A Equilibria . 

Secondly,  when  the  Wedge  does  not 

exaclly  fill  the  Cleft,  which  generally 

happens,  becaufe  the  Wood  fplits  to 

fome  Diflance  before  the  Wedge.  Let 

ELF  reprefent  a  Cleft  into  which  the 

Wedge  A  B  C  is  partly  driven  ;  as  the 

refifhno'  Force  of  the  Timber  nuft  a£f 
o  # 

on  the  Wedge  in  Directions  perpendi¬ 
cular  to  the  Sides  of  the  Cleft,  draw 
the  Line  P  D  in  a  Direftion  perpendi¬ 
cular  to  11  L  the  Side  ot  the  Cleft, 
and  meeting  the  Side  of  the  Wedge  in 
D  ;  then  the  Power  driving  the  Wedge 
and  the  Refinance  of  the  Timber.,  when 
they  balance,  will  be  to  each  other  as 
the  Line  P  D  to  P  B  the  Height  of 
the  Wedge. 

Thirdly,  when  a  Wedge  is  employed 

V  ' 

to  feparate  two  Bodies  that  lie  together 

on 
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on  an  horizontal  Plane,  for  Inftance 
two  Blocks  of  Stone ;  as  tliefe  Bodies 
mull  recede  from  each  other  in  hori¬ 
zontal  Directions,  their  Refiftance  muff 
a 61  on  the  Wedge  in  Lines  parallel  to 
its  Bafe  C  A  ;  therefore  the  Power  which 
drives  the  Wedge  will  balance  the  Re¬ 
fiftance  when  they  are  to  each  other 
as  P  A,  Plalf  the  Breadth  of  the  Wedge 
to  P  B-  its-  Height;  and  then  any  addi¬ 
tional  Force  funic  lent  to  overcome  the 
Refiftance  arifing  from  the  Fridtion  of 
the  Bodies  on  the  horizontal  Plane  will 
feparate  them  from  each  other. 

The  inclined  Plane  is  reckoned  by 
fome  Writers  among  the  mechanick 
Powers  ;  and  I  think  with  Reafon,  as 
it  may  be  ufed  with  Advantage  in  raif- 
ing  Weights. 

Let  the  Line  A  B  (Fig.  6.)  repre- 
ient  the  Length  of  an  inclined  Plane, 
A  D  its  Height,  and  the  Line  B  D  we 
in  ay  call  its  Bafe.  Let  the  circular  Body 

G  2  G  E  F 


! 
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G  E  F  be  fuppofed  to  reft:  on  the  inclin¬ 
ed  Plane,  and  to  be  kept  from  falling 
down  it  by  a  String  C  S  tied  to  its 
Center  C.  Then  the  Force  with  which 
this  Body  ft  retches  the  String  will  be 
to  its  whole  Weight,  as  the  Sine  of 
A  B  D  the  Angle  of  Elevation,  to  the 
Sine  of  the  Angle  which  the  String 
contains  with  a  Line  perpendicular  to 
A  B  the  Length  of  the  Plane.  For  let 
the  Radius  C  E  be  drawn  perpendicular 
to  the  Llorizon,  and  C  F  perpendicular 
to  A  B,  and  from  E  draw  E  O  parallel 
to  the  String  and  meeting  C  F  in  O. 
Then,  as  the  Body  continues  at  Reft  and 
is  urged  by  three  Forces,  to  wit,  by  its 
Weight  in  the  Direction  C  E,  by  the 
reaction  of  the  Plane  in  the  Direction 
E  C,  and  by  the  reaction  of  the  String 
in  the  Direction  E  O ;  the  reaction  of 
the  String,  or  the  Force  by  which  it 
is  ftretched,  is  to  the  Weight  of  the 
Body,  as  E  O  to  C  E :  That  is,  as  the 
Sine  of  (the  Angle  ECO,  which  is 
equal  to)  A  B  D  the  Angle  of  Eleva¬ 
tion, 
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tion,  to  the  Sine  of  the  Angle  EOC, 
equal  to  SCO,  the  Angle  which  the 
String  contains  with  the  Line  C  F  per¬ 
pendicular  to  AB,  the  Length  of  the 
Plane. 

i 

4 

When  therefore  the  String  is  parallel 
to  the  Length  of  the  Plane,  the  Force 
with  which  it  is  ftretched,  or  with 
which  the  Body  tends  down  the  in¬ 
clined  Plane,  is  to  its  whole  Weight, 
as  the  Sine  of  the  Angle  of  Elevation, 
to  the  Radius,  or  as  the  Height  of  the 
Plane  to  the  Length.  And  in  the  fame 
Manner  it  may  be  fhewn,  that  when 
the  String  is  parallel  to  B  D,  the  Bafe 
of  the  plane,  the  Force  with  which  it 
is  ilretched  is  to  the  Weight  of  the 
Body,  as  A  D  to  B  D,  that  is,  as  the 
Height  of  the  Plane  to  its  Bale.  If 
wre  fuppofe  the  String,  which  Supports 
the  Body  G  E  F,  to  be  [aliened  at  S, 
and  that  a  Force,  by  adling  on  the 
Line  A  D,  the  Height  of  the  Plane,  in 
a  Direction  parallel  to  the  Bafe  B  D, 

Q  3  drives 
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drives  the  inclined  Plane  under  the 
Body,  and  by  that  Means  makes  it  rife 
in  a  Direction  parallel  to  A  D.  Then, 
from  what  was  proved  in  the  third 
Cafe  of  the  Wedge,  it  will  appear,  that 
this  Force  mud  be  to  the  Weight  of 
the  Body,  as  AD  to  B  D,  or  rather 
in  a  Proportion  fomewhat  greater  :  If  it 
makes  the  Plane  move  on  and  the  Body 
rife. 

4 

From  this  lad  Obfervation  we  may 

J 

clearly  drew  the  Nature  and  Force  of 
the  Screw;  a  Machine  of  great  Edicacy 
in  raifing  Weights,  or  in  preding  Bodies 
clofely  together.  For  if  the  Triangle 
A  B  D  be  turned  round  a  Cylinder 
whofe  Periphery  is  equal  to  B  D,  then 
the  Length  of  the  inclined  Plane  B  A 
will  rife  round  the  Cylinder  in  a  fpiral 
Manner ;  and  form  what  is  called  the 
Thread  of  the  Screw,  and  we  may 
fuppofe  it  continued  in  the  fame  Man¬ 
ner  round  the  Cylinder  from  one  End 

to  the  other  ;  and  A  D  the  Height 

of 
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of  the  inclined  Plane  will  be  every 
where  the  Diftance  between  two  conti¬ 
guous  Threads  of  this  Screw,  which  is 
called  a  Convex  Screw.  And  a  Con- 
cave  Screw  may  be  formed  to  fit  this 
exaflly,  if  an  inclined  Plane  every  Way 
like  the  former  be  turned  round  the 
Infide  of  a  hollow  Cylinder,  whofe  Pe¬ 
riphery  is  fo  me  what  larger  than  that  of 
the  other.  Let  us  now  fuppofe  the  Con¬ 
cave  Screw  to  be  fixed,  and  the  Convex 
one  to  be  fitted  into  it,  and  a  Weight 
to  be  laid  on  the  Top  of  the  Convex 
Screw  :  Then,  if  a  Power  be  applied  to 
the  Periphery  of  this  Convex  Screw  to 
turn  it  round,  at  every  Revolution  the 
Weight  will  be  railed  up  through  a 
Space  equal,  to  the  Diftance  between 
the  two  contiguous  Threads,  that  is,  to 
the  Line  A  D  the  Height  of  the  in¬ 
clined  Plane  B  A ;  therefore  fince  this 
Power  applied  to  the  Periphery,  a61s  in 
a  Dire&ion  parallel  to  B  D,  it  mu  ft  be 
to  the  Weight  it  raifes  as  A  D  to  B  D, 


or 


4 
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or  as  the  Distance  between  two  conti¬ 
guous  "Threads,  to  the  Periphery  of  the 
Convex  Screw  ;  which  Diftance  between 
two  contiguous  Threads  is  to  be  meafured 
by  a  Line  parallel  to  the  Length  of  the 
Screw.  If  we  now  fuppofe  that  a  Hand- 
fpike  or  Handle  is  inferted  into  the  Bottom 
of  the  Convex  Screw,  and  that  the  Power 
which  turns  the  Screw  is  applied  to  the 
Extremity  of  this  Handle,  which  is  ge¬ 
nerally  the  Cafe ;  then  as  the  Power  is 
removed  farther  from  the  Axis  of  Motion, 
its  Force  will  be  fo  much  encreafed,  and 
therefore  fo  much  may  the  Power  itfelf 
be  diminiihed.  So  that  the  Power,  which, 
acting  on  the  End  of  a  Handle,  fuf- 
tains  a  Weight  by  Means  of  a  Screw, 
will  be  to  that  Weight,  as  the  Diftance 
between  two  contiguous  Threads  of  the 
Screw,  to  the  Periphery  defcribed  by  the 
End  of  the  Llandie.  In  this  Cafe  we  may 
confider  the  Machine  as  compofcd  of  a 
a  Screw  and  a  Lever,  or  as  Sir  Ifaac  A'czv- 
ton  expreffes  it,  C uncus  a  vcffe  impulfus. 


Of 
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Of  any  two  or  more  of  thefe  firnple 
Machines  combined  together,  all  other 
Machines,  however  complicated,  are  com- 
pofed.  And  their  Powers  and  Manner 
of  afling  may  therefore  be  explained 
from  the  Principles  here  laid  down. 
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A  V  I  N  G  obferved  that  fome 
late  Writers,  who  endeavour 
to  revive  the  exploded  Hypo¬ 
thecs  of  an  univerfal  Plenum , 


bring  Arguments  in  Favour  of  their  Opi¬ 
nion  from  what  Sir  Ifaac  Newton  fays  of 
the  Afcent  of  Comet’s  Tails  in  a  Dire6tion 
oppofite  to  the  Sun ;  I  was  induced  to  re- 
confider  his  Account  of  that  Matter,  which, 
I  own,  never  appeared  fatisfablory  to  me ; 
tho’  I  agree  intirely  with  him  that  this 

Phenomenon 
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Phenomenon  affords  a  fufficient  Proof  of 
a  Vacuum  in  the  Celeftial  Regions.  As  tins 

o 

is  a  Subject  of  fome  Importance  in  Phyfics, 
I  Ihall,  in  the  following  Effay,  firfl,  men* 
lion  fuch  Objedlions  as  occur  to  me  again!! 
Sir  Ifaac’s  Opinion  as  to  the  Caufe  of  the 
Afcent  of  Comet's  Tails ;  and  then  offer 
feme  Conjebhires  that  may  poffibly  lead 
to  a  further  Knowledge  of  this  Subjedl;, 
leaving  them  to  be  confirmed  or  over¬ 
thrown  as  future  Obfervations  and  Expe¬ 
riments  Ihall  determine.  For  I  think 
that  Conjeflures,  or  Hypothefes,  when 
rendered  probable  by  fome  Experiments, 
and  propofed  with  Caution,  may  be  of 
great  Ufe  by  diredling  our  Enquiries  into 
fome  certain  Channel. 

That  I  may  proceed  methodically,  I 
fhall  begin  by  relating  the  Phenomena 
of  Comets  as  obferved  by  Newton ,  and 
other  accurate  Affronomers,  for  I  Ihall 
have  Occafion  to  refer  frequently  to 
them. 


Ti 
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It  appears  that  a  Comet  is  a  Kind  of 
Planet  which  revolves  round  the  Sun  in 
a  very  excentric  Orbit,  and  recedes  much 
farther  from  the  Sun  in  •  its  Aphelion  than 
any  of  the  Planets ;  it  is  not  vihble  until 
it  comes  down  into  the  Planetary  Regions, 
and  then  appears  furrounded  with  a  denfe 
Atmofphere,  and  from  the  Side  oppoiite 
to  die  Sun,  it  emits  a  ihinins;  Train,  which 
we  call  its  Tail.  It  is  at  its  firll  Appear¬ 
ance  very  fhort,  and  encreafes  as  the  Co¬ 
met  approaches  towards  the  Sun,  and  im¬ 
mediately  after  its  Perihelion ,  the  Tail  is 
longed  and  mod  luminous,  and  then  is 
generally  observed  to  be  fomewhat  bent, 
and  to  be  convex  towards  thofe  Parts  to 
which  the  Comet  moves ;  the  Convex 
Side  being  rather  brighter  and  better  de¬ 
fined  than  the  Concave  Side.  When  the 
Tail  arrives  at  its  greated  Length,  which 
in  fome  Comets  has  been  computed  to  be 
60  or  70  Millions  of  Miles,  it  quickly  de- 
creafes  and  foon  vanifhes  entirely,  about 
the  fame  Time  that  the  Comet  itfelf  ceafes 
to  be  feen.  The  Matter  of  which  the 

Tail 
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Tail  is  formed  is  exceedingly  rare,  and  fo 
very  pellucid  that  the  Light  of  the  fmalleft 
Stars  fuffers  no  Diminution  in  palling 
thro’  it,  for  Sir  .Ifaac  Newton  obferves : 
6  The  extraordinary  Rarity  of  Comet’s 
4  Tails  may  be  collected  from  the  Stars 
c  firming  thro’  them ;  for  the  fmalleft 
4  Stars  are  obferved  to  fhine  without  any 
c  Lois  of  Splendor  thro’  the  Tails  which 
4  are  of  an  immenfe  Thicknefs,  and 
4  are  alfo  illuminated  by  the  Light  of  the 
4  Sun.’  * 

w 

Thele  are  the  principal  Phenomena  of 
Comets,  and  it  is  from  hence  we  mull  de¬ 
duce  whatever  we  can  know  of  the  Sub- 
ftance  of  which  the  Tails  conlift,  or  of 
the  Reafon  why  they  are  always  thrown 
off  from  the  Head  of  the  Comet,  in  a  Di- 

redlion 

*  Caudarum  infignis  raritas  colligitur  ex 
Afiris  per  eas  Tranflucentibus. — Per  Immeniam 
vero  Caudarum  Craffitudinem,  Luce  pariter 
Solis  illuftratam,  Aflra  minima  abfque  Clari- 
tatis  Detrimento  trantlucere  nofeuntur.  Princi - 
pia}  Page  513.  Edit.  2 da. 
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redtion  nearly  oppofite  to  the  Sun.  And 
with  thefe  Phenomena  I  propofe  to  com¬ 
pare  the  Opinions  which  are  commonly 
received  concerning  this  Matter.  Sir 
Ifaac  tells  us,  there  were  three  different 
Opinions  about  Comet's  Tails,  viz.  that 
they  were  only  Rays  of  the  Sun  propa¬ 
gated  thro'  the  tranfparent  Head  of  the 
Comet.  Or  that  they  arofe  from  the  Re- 
fraction  of  the  Light  in  its  Faffage  from 
the  Head  of  the  Cornet  to  the  Earth. 
Or,  lailly,  that  they  con  filled  of  Clouds 
and  Vapours  continually  riling  from  the 
Head  of  the  Comet,  and  going  off  in  a 
Direction  oppofite  to  the  Sun.  The  fir  ft 
and  fecond  of  thefe  Opinions  he  refutes, 
and  adopts  the  third,  and  proves  by  feveral 
Armaments,  that  the  Tail  muff  confift  of 
fome  Kind  of  Vapour  anting  continually 
from  the  Head  of  the  Comet.  The  Caufe 
of  its  a  trending  always  from  the  Sun,  he 
affigns  in  another  Paragraph,  which  I 
fhall  now  quote  at  Length,  mandating  it  as 
faithfully  as  I  can ;  it  is  as  follows  : 


*  The 


I 
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4  The  Afcent  of  Tails  from  the  Atmo- 
4  fphere  of  Cornets,  and  their  Progrefs 
4  towards  the  Parts  oppofite  to  the  Sun, 

4  Kepler  afcribes  to  the  Adlion  of  the  Rays 
*  of  Light,  carrying  with  them  the  Mat- 
4  ter  of  which  the  Tails  confifL  And 
4  that  fo  very  thin  an  Air  or  Vapour 
4  fhould  yield  to  the  Aclion  of  the  Rays, 

4  in  Spaces  void  of  Reliltanoe,  is  not  al- 
4  together  againft  Reafon ;  altho’  in  our 
4  Regions,  clogged  with  refilling  Matter, 

4  the  folar  Rays  cannot  fenfibly  impel 
4  denfc  Bodies.  Others  think  that  there 
4  may  be  fome  Particles  of  Matter  in  their 
4  own  nature  light,  as  well  as  fome  tharare 
4  heavy,  and  that  the  Matter  of  the  Tails 
4  is  of  the  former  Sort,  and  by  its  Levity 
4  afcends  from  the  Sun.  But  fmce  the 
4  Gravity  of  all  terrellrial  Bodies  is  pro- 
4  portional  to  their  Quantity  of  Matter, 

4  and  cannot  in  the  fame  Body  be  increaf-  . 
4  ed  or  biminifhed,  I  fufpe6l  that  this 
4  Afcent  of  the  Tails  arifes  rather  from 
4  the  Rarefaction  of  their  Matter.  Smoke 
4  afcends  in  a  Chimney  by  the  Impulfc 

4  of 
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*  of  the  Air  in  which  it  floats ;  that  Air, 

*  being  rarefied  by  Heat  and  its  fpecifie 
;  Gravity  thereby  diminifhed,  afcends  and 
s  carries  the  Smoke  with  it.  Why  then 
4  fliould  not  the  Tail  of  a  Comet  afcend  in 
4  the  fame  Maner  from  the  Sun  ?  for  the 

*  folar  Rays  do  not  agitate  any  Medium 

*  thro'  which  they  pafs,  but  in  Reflection 

4  or  RefraClion,  the  reflecting  Particles  by 

4  that  AClion  grow  warm,  and  heat  the 
.  &  * 
4  aetherial  Air  (auram  /Ether earn)  with 

4  which  they  are  mixed,  which  being  ra~ 

4  relied  by  this  Heat,  and  the  fpecifie  Gra- 

4  vity  by  which  it  tended  to  the  Sun  be- 

4  mg  thereby  diminifhed,  it  will  afcend 

4  and  carry  with  it  the  receding  Particles 

4  of  which  the  Tail  is  formed  :  it  con- 

4  duces  alfo  to  the  Afcent  of  thefe  Va- 

4  pours  that  they  revolve  round  the  Sun, 

4  and  therefore  endeavour  to  recede  from 

4  it ;  while  the  Atmofphere  of  the  Sun 

4  either  is  at  Reft,  or  revolves  more  flowly 

4  with  fuch  Motion  as  it  can  acquire  from 

4  the  Rotation  of  the  Sun  round  its  Axis. 

4  Thefe  are  the  Caufes  of  the  Afcent  of 

s- 

1  2  4  the 


88  ON  THE  NATURE  OF  THE 

the  Tails  in  the  Neighbourhood  of  the 
Sun,  where  the  Orbit  has  a  greater  Cur¬ 
vature,  and  the  Cornet  moves  in  a  den- 
‘  fer,  and  therefore  heavier  Atmofphere 
‘  of  the  Sun,  and  then  emits  a  Tail  of  a 
‘  greater  Length.  For  the  Tails,  which 
‘  then  arife,  by  preferving  their  own  Mo- 

*  tion,  and  at  the  fame  Time  gravitating 
4  towards  the  Sun,  will  revolve  about 
‘  the  Sun  in  Ellipfes  juft  as  their  Heads 
4  do ;  and  by  that  Motion  will  always  ac- 
4  company  their  Heads  and  adhere  to 

*  them  moft  freely.  For  the  Gravity  of 
4  tliofe  Vapours  towards  the  Sun  will  no 
4  more  caufe  the  Tails  to  fall  from  the 
4  Fleads  to  the  Sun,  than  it  will  caufe  the 
4.  Heads  to  fall  from  the  Tails,  but  they 

*  mull  both,  by  their  common  Gravity, 

4  fall  together  to  the  Sun,  or  both  toge- 
4  ther  be  retarded  in  their  Afcent  from  it : 

4  and  confequently  their  Gravity  will  not 
4  hinder  the  Heads  and  Tails  of  Comets 
4  eafdy  to  receive  (from  the  above- 
4  mentioned  or  other  Caufes)  any  Pofi- 
4  tion  whatever  in  rcfpebl  to  each  other, 
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4  or  to  keep  this  Poiitioii 
4  freely/  " 


afterwards 


moll 


We  find  in  this  Account  that  Sir  IJaac 
aferibes  the  Afcent  of  Comet’s  Tails  to 
their  being  rarer  and  lighter,  and  moving 
round  the  Sun  more  fwiftly,  than  the  fo- 
lar  Atmofphere,  with  which  he  fuppofes 
them  to  be  furrounded,  whilfl  in  the 
Neighbourhood  of  the  Sun  ;  he  fays  alio, 
that  whatever  Pofiiion  (in  Refpedl  to  each 
other)  the  Head  and  Tail  of  a  Comet 
then  receive,  they  will  keep  the  fame  af¬ 
terwards  moil  freely,  and  in  another  Place 
he  obferves,  4  That  the  celeflia!  Spaces 
4  mull  be  entirely  void  of  any  Power  of 
4  refilling,  hnce  not  only  the  folid  Bodies 
4  of  the  Planets  and  Comets,  but  even  the 
4  exceeding  thin  Vapours,  of  which  Co- 
4  met’s  Tails  are  formed,  move  thro’  thofe 
4  Spaces  with  immenfe  Velocity,  and  yet 
4  with  the  greatefl  Freedom  /  X —  I  can¬ 
not  help  thinking  that  this  Account  is  li- 

*  Pvincipia ,  Page  514.  /  Ibid, 

I  3  able 
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able  to  many  Difficulties  and  Objedtioiis, 
and  that  it  feems  not  very  confident  with 
itfelf,  or  with  the  Phenomena. 

I  do  not  know  that  we  have  any  Proof 
of  the  Exigence  of  a  folar  Atmofphere  of 
any  conhderable  Extent,  nor  are  we  any 
where  taught  how  to  guefs  at  the  Limits 
of  it.  It  is  evident  that  the  Exiflencs  of 
fuch  an  Atmofphere  cannot  be  proved 
merely  by  the  Afcent  of  Comet’s  Tails 
from  the  Sun,  as  that  Phenomenon  may 
poffibly  arife  from  fome  other  Caufe. 
However  let  us  fuppofe,  for  the  prefent, 
that  the  Afcent  of  Comet’s  Tails  is  owing 
to  an  Atmofphere  furrounding  the  Sun, 
and  fee  how  the  Effects  a  riling  from 
thence  will  agree  with  the  Phenomena. 
When  a  Comet  comes  into  the  folar  At- 
mofphere,  and  is  then  defending  almoft 
direHly  to  the  Sun,  if  the  Vapours  which 
compofe  the  Tail  are  raifed  up  from  it  by 
the  luperior  Denfity  and  Weight  of  that 
Atmofphere,  they  muff  rife  into  thofe 
Parts  that  the  Comet  has  left,  and  there¬ 
fore 
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fore  at  that  Time  they  may  appear  in  a 
DireElion  oppofite  to  the  Sun.  But  as 
foon  as  the  Comet  comes  near  the  Sun, 
and  moves  in  a  Direction  nearly  at  right 
Angles  with  the  Direction  of  its  Tail,  the 
Vapours  which  then  arife,  partaking  of 
the  great  Velocity  of  the  Comet,  and  be¬ 
ing  fpecifically  lighter  than  the  Medium  in 
which  they  move,  and  being  vaflly  ex¬ 
panded  thro’  it,  muff  neceflarily  fuflfer  a 
Refiilance  immenfely  greater  than  what 
the  Email  and  denie  Body  of  the  Comet 
meets  with,  and  confequently  cannot  pof- 
fibly  keep  up  with  it,  but  muff  be  left  be- 
behind,  or,  as  it  were,  driven  backwards 
by  the  Refinance  of  that  Medium  into  a 
Line  direbled  towards  the  Parts  which  the 
Comet  has  left,  and  therefore  can  no  lon¬ 
ger  appear  in  a  Dire  Elion  oppofite  to  the 
Sun.  And  in  like  Manner,  when  a  Co¬ 
met  paffes  its  Perihelion ,  and  begins  to  af- 
fcend  from  the  Sun,  it  certainly  ought  to 
appear  ever  after  with  its  Tail  behind  it, 
or  in  a  DireElion  pointed  towards  the 
Sun ;  for  if  the  Tail  of  the  Comet  be  fpe¬ 
cifically 
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critically  lighter  than  the  Medium  in  which 
it  moves  with  fo  great  Velocity,  it  mult 
be  juft  as  impoftible  it  fliould  move  fore- 
moft,  as  it  is  that  a  Torch  moved  fwiftly 
thro'  the  Air  fhould  project  its  Flame  and 
Smoke  before  it.  Since  therefore  we  find 
that  the  Tail  of  a  Comet,  even  when  it  is 
attending  from  the  Sun,  moves  foremoft 
and  appears  in  a  Direction  nearly  oppoftte 
to  the  Sun,  I  think  we  muft  conclude  that 
the  Comet  and  its  Tail  do  not  move  in  a 
Medium  heavier  and  denfer  than  the  Mat¬ 
ter  of  which  the  Tail  conftfts,  and  confe- 
quently  that  the  conftant  Afcent  of  the 
Tail  from  the  Sun  muft  be  owing  to  fome 
other  Caufe.  For  that  the  folar  Atmo- 
fphere  fliould  have  Denfity  and  Weight 
fufticient  to  raife  up  the  Vapours  of  a  Co¬ 
met  from  the  Sun,  and  yet  not  be  able  to 
give  any  fenfible  Refiftance  to  thefe  Va¬ 
pours  in  their  rapid  Progrefs  thro'  it,  are 
two  Things  inconfiftent  with  each  other. 
And  therefore,  fince  the  Tail  of  a  Comet 
is  found  to  move  as  freely  as  the  Body 
does,  we  ought  rather  to  conclude  that 

the 
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the  celeftial  Spaces  are  void  of  all  re¬ 
filling  Matter,  than  that  they  are  filled 
with  a  foiar  Atmofphere,  be  it  ever  fo 
rare. 

But  there  is,  I  think,  a  further  Conff- 
deration  which  will  fhew  that  the  received 
Opinion,  as  to  the  Afcent  of  Comet’s 
Tails,  is  not  agreeable  to  the  Phenomena, 
and  may  at  the  fame  Time  lead  us  to 
feme  Knowledge  of  the  Matter  of  which 
thefe  Tails  conhft;  which  I  fufpeCt  is  of 
a  very  different  Nature  from  what  it  has 
been  hitherto  fuppofed  to  be.  Sir  Jfaac 
fays,  the  Vapours,  of  which  the  Tail  of  a 
Comet  conilfts,  grow  hot  by  reflecting  the 
Rays  of  the  Sun,  and  thereby  warm  and 
rarefy  the  Medium  which  furrounds 
them  ;  which  muff  therefore  afeend  from 
the  Sun,  and  carry  with  it  the  reflecting 
Particles  of  which  the  Tail  is  formed  ;  for 
he  always  fpeaks  of  the  Tail  as  fhining  by 
reflected  Light.  But  one  would  rather 
imagine,  from  the  Phenomena,  that  the 
Matter  which  forms  a  Comet’s  Tail  has 


not 
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* 

not  the  lead  fenfible  Power  of  refle&ingr 
the  Rays  of  Light.  For  it  appears  from 
Sir  Ifaac  s  Obfervation,  which  I  have 
quoted  already,  that  the  Light  of  the 
final] eft  Stars,  coming  to  us  through  the 
immenfe  Thicknefs  of  a  Comet’s  Tail, 
does  not  fuller  the  leaft  Diminution.  And 
yet,  if  the  Tail  can  refledt  the  Light  of 
the  Sun  fo  copioufly,  as  it  muft  do  if  its 
great  Splendor  be  owing  to  fuch  Reflec¬ 
tion,  it  muft  undoubtedly  have  the  fame 
Effedi  on  the  Light  of  the  Stars;  that  is, 
it  muft  refledt  back  the  Light,  which 
comes  from  the  Stars  behind  it,  and  by  fo 
doing  muft  intercept  them  from  our  Sight, 
coniidering  its  vaft  Thicknefs,  and  how 
exceedingly  flender  a  Ray  is  that  comes 
from  a  final!  Star ;  or  if  it  did  not  inter¬ 
cept  their  whole  Light,  it  muft,  at  leaft, 
increafe  their  Twinkling.  But  we  do  not 
find  that  it  has  even  this  fmall  Effect,  for 
thofe  Stars  that  appear  thro’  the  Tail  are 
not  obferved  to  twinkle  more  than  others 
in  their  Neighbourhood.  Since  therefore 
this  Fact  is  fupported  by  Obfervations, 

what 
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what  can  be  a  plainer  Proof  that  the  Mat¬ 
ter  of  a  Comet’s  Tail  has  no  Power  of  re¬ 
flecting  the  Rays  of  Light?  and  confe- 
quently  that  it  mull  be  a  felf-fhining 
Subftance.  But  the  fame  Thing  will  fur¬ 
ther  appear,  from  confidering  that  Bodies 
refledt  and  refradl  Light  by  one  and  the 
fame  Power;  and  therefore  if  Comet’s 
Tails  want  the  Power  of  refratling  the 
Rays  of  Light,  they  muft  alfo  want  the 
Power  of  reflefling  them.  Now,  that 
they  want  this  refracting  Power  appears 
from  hence,  if  that  great  Column  of  tranf- 
parent  Matter  which  forms  a  Comet’s 
Tail,  and  moves  either  in  a  Vacuum ,  or  in 
fome  Medium  of  a  different  Denftty  from 
its  own,  had  any  Power  of  refradling  a 
Ray  of  Light,  coming  thro’  it  from  a  Star 
to  us,  that  Ray  muft  be  turned  far  out  of 
its  Way  in  palling  over  the  great  Biftance 
between  the  Comet  and  the  Earth ;  and, 
therefore,  we  ftiould  very  fenfibly  perceive 
the  fmalleft  Refraffion  that  the  Licrhfc  of 

o 

the  Stars  might  fufFer  in  palling  through  a 
Comet’s  Tail.  The  Confequence  of  fuch 

a  Refraclion 


96  ON  THE  NATURE  OF  THE 

a  Refraction  mud  be  very  remarkable,  the 
Stars  that  lie  near  the  Tail  would,  in  fome 
Cafes,  appear  double,  for  they  would  ap¬ 
pear  in  their  proper  Places  by  their  direct 
Rays,  and  we  Ihould  fee  their  Images  be¬ 
hind  the  Tail,  by  Means  of  their  Rays 
which  it  might  refradl  to  our  Eyes ;  and 
thofe  Stars  that  were  really  behind  the 
Tail  would  difappear  in  fome  Situations, 
their  Rays  being  turned  aftde  from  us  by 
Refradtion.  In  Ihort,  it  is  eafy  to  ima¬ 
gine  what  ft  range  Alterations  would  be 
made  in  the  apparent  Places  of  the  fixed 
Stars  by  the  Tails  of  Comets,  if  they  had 
a  Power  of  refradiing  their  Light,  which 
could  not  fail  to  be  taken  Notice  of,  if  any 
fuch  ever  happened.  But  ftnce  Aflrono- 
mers  have  not  mentioned  any  fuch  appa¬ 
rent  Changes  of  Place  among  the  Stars, 

I  take  it  for  granted  that  the  Stars  feen 
thro’  all  Parts  of  a  Comet's  Tail  appear  in 
their  proper  Places,  and  with  their  ufual 
Colours,  and  confequently  I  infer  that 
the  Rays  of  Light  fuffer  no  Refradiion  in 
palling  thro’  a  Comet’s  Tail.  And  thence 

I  conclude 
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I  conclude  (as  before)  that  the  Matter  of 
a  Comet's  Tail  has  not  the  Power  of  re¬ 
fracting  or  reflecting  the  Rays  of  Light, 
and  m uft  therefore  be  a  lucid  or  felf- 
Alining;  Subflance. 

And  thus  if  I  have  argued  rightly  from 
the  Phaenomena,  it  muft  appear,  that  the 
Tail  of  a  Comet  does  not  confift  of  aque¬ 
ous  or  other  Vapours,  that  fhine  by  re¬ 
flecting  the  Light  of  the  Sun,  but  is  a  ve¬ 
ry  rare,  tranfparent  and  lucid  Subflance, 
which  has  no  Sort  of  EffeCt  on  the  Rays 
of  Light  that  pafs  thro'  it,  and  that  it  is 
thrown  off  from  the  dark  Hemifphere  of 
the  Comet  in  a  Direction  oppoflte  to  the 
Sun,  not  by  the  fuperior  Weight  and 
Denflty  of  any  circumambient  Medium, 
but  by  fome  other  Caufe  that  has  not  yet 
been  difcovered. 

This  feems  to  me  to  he  all  the  Know¬ 
ledge  we  can  acquire  of  the  Nature  and 
Properties  of  that  Matter  which  forms  the 
Tails  of  Comets,  by  attending  merely  to 

K  the 
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the  Phenomenon  itfelf.  But  perhaps  we 
may  be  able  to  extend  this  Knowledge 
fomewhat  further,  if  we  could  find  any 
other  Phenomenon  in  Nature  which  re- 
fembles  this  of  Comet’s  Tails,  and  can  be¬ 
come  acquainted  with  any  Kind  of  Matter 
that  has  the  fame  Properties  with  that  of 
which  they  are  formed.  Now  I  have  of¬ 
ten  obferved  a  Phenomenon  that,  I  think, 
very  ftrongly  refembles  the  Tail  of  a  Co¬ 
met,  both  in  its  Appearance,  and  in  the 
Nature  of  its  Subftance.  We  frequently 
fee  a  veiy  rare,  transparent,  and  lucid 
Subfiance  thrown  off,  in  a  Dircdlion 
nearly  oppofite  to  the  Sun,  from  the  dark 
Kemifphere  of  the  Earth,  and  principally 
from  the  more  Northern  and  colder  Re¬ 
gions  of  our  Atmofphere.  This  Appear¬ 
ance  is  fo  luminous  that  it  has  been  from 
thence  called  the  Aurora  Borealis ;  it  is 
now  fo  common  and  well  known  that  I 
fhail  not  defcribe  it  particularly,  and  will 
only  take  Notice  of  thofe  Circumflances 
in  which  it  chiefly  refembles  a  Comet’s 
Tail.  Thofe  Northern  Lights  never  ap¬ 
pear, 
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pear,  at  lead  in  any  remarkable  Degree, 
foon  after  Sun-fet  or  before  Sun-rife,  tho’ 
it  may  be  then  dark  enough  to  make  them 
vifible,  but  generally  from  about  ten 
o'Clock  at  Night  till  one  in  the  Morning; 
and  the  very  long  Streams  of  Light,  which 
ilfue  frequently  from  the  Northern  Parts 
of  our  Atmofphere,  feem  Hill  to  tend  to¬ 
wards  the  Zenith  of  that  Place  where  the 
Spectator  is,  and  fometimes  get  beyond 
the  Zenith,  and  appear  to  the  Southward 
of  it ;  which  fhews  that  thefe.  Streams  of 
light  tend  towards  the  Vertex  of  the 
Earth's  Shadow,  that  is,  towards  the  Part 
of  the  Heavens  which  is  oppofite  to  the 
Sun.  From  the  great  Length  of  thefe 
Streams  of  Light,  which  feem  always 
moving  upwards,  we  may  conclude  that 
they  extend  to  a  great  Height  in  the  At¬ 
mofphere,  and  probably  rife  far  above  it. 
For  by  the  Accounts  we  have  of  an  Au¬ 
rora  Borealis ,  obferved  in  England  on  the 
Sixth  of  March ,  1716,  it  was  vifible  from 
the  Weil  Side  of  Ireland ,  to  the  Confines 
of  Rujfia  and  Poland ,  and  probably  farther 

K  2  to 
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to  the  Ead ;  fo  that  it  extended  at  lead 
over  thirty  Degrees  of  Longitude,  and 
irom  about  the  fiftieth  Decree  of  La- 
ti  tude  over  almofl  all  the  North  of  Eu- 
rcpe ,  and  at  all  Places  it  exhibited  the 
fame  Appearances,  nearly  at  the  fame 
Time.  J 

Now  this  great  Body  of  luminous  Mat¬ 
ter  which  appears  in  an  Aurora  Borealis , 
being  fo  very  extenfive,  and  fometimes  fo 
very  bright,  mud  be  vifible  to  a  Spedta- 
tor  placed  at  a  confiderable  Didance  from 
the  Earth,  and  (haded  from  the  Sun’s 
Light;  and  fuch  a  Spectator  would  then 
fee  the  Earth  attended  by  a  Train  of 
Light  in  the  Form  of  a  Tail.  It  would 
probably  appear  fmall  in  Proportion  to  the 
Earth’s  Diameter,  it  would  feem  undeady, 
changeable  in  its  Shape,  and  of  a  fhort 
Continuance  ;  but  whild  it  laded,  it  mud, 
both  in  its  Diredlion,  and  in  the  Nature 
and  Appearance  of  its  Light,  very  much 

referable 
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refemble  the  Tail  of  a  Comet,  And  if 
inch  a  Speftator  was  to  obferve  the  Earth 
for  a  Year,  he  might  perceive  a  further 
Refemblance  in  this  RefpeH  between  the 
Earth  and  a  Comet;  for  as  the  Tail  of  a 
Comet  appears  only  a  fhort  Time  before 
and  after  its  Perihelion ,  fo  he  would  fee 
this  luminous  Matter  rife  from  the  Earth 
frequently  whilft  it  was  moving  from  the 
Autumnal  to  the  Vernal  Equinox,  thro* 
the  Half  of  its  Orbit  that  is  neareft  to  the 
Sun,  and  very  feldom  during  the  other 
Part  of  the  Year,  for  we  rarely  fee  an 
Aurora  Borealis  in  the  Summer  Months. 
Thus  we  find  that  the  Matter  of  an  Au¬ 
rora  Borealis  and  that  of  a  Comet's  Tail 
are  very  like  each  other  in  their  Appear¬ 
ance,  and  in  their  Situation,  with  Refpedl 
to  the  Sun  and  the  Eodies  from  which 
they  flow.  And  if  we  examine  further, 
we  (hall  find  that  they  have  exadlly  the 
fame  Properties  ;  for  the  Matter  of  which 
the  Aurora  Borealis  confifls  is  not  only  ve¬ 
ry  rare,  tranfparent  and  lucid,  but  is  alfo 
found  to  have  no  Sort  of  Effe6i  on  the 

K  3  Rays 
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Rays  of  Light  which  pafs  thro’  it.  This 
I  have  often  obferved,  and  particularly  at 
one  Time  when  there  appeared  here  an 
Aurora  Borealis ,  §  which  for  its  Extent, 
for  the  Quantity,  Brightnefs  and  Steadinefs 
of  its  Lights,  was  the  moll  remarkable  one 
I  ever  faw;  fome  Parts  of  it  appeared  like 
very  denfe  white  Clouds,  illuminated  by  a 
full  Moon,  but  with  a  more  vivid  Bright¬ 
nefs  ;  and  yet  thro’  one  of  the  denfelt  and 
whited  of  thefe  Clouds,  I  could  plainly 
fee  the  fmalled  Star  in  the  Pleiades ,  and 
could  not  perceive  that  its  Splendor  was 
at  all  diminiihed,  or  that  it  even  twinkled 
more  than  it  did  before  this  lucid  Matter 
was  interpofed,  which,  as  it  moved  with  a 
quick  tremulous  Motion,  mud  have  at 
lead  increafed  the  Twinkling  of  the  Stars, 
if  it  had  any  Sort  of  Effedl  on  the  Rays 
which  paded  thro'  it.  Since  then  the 
Matter  of  a  Comet's  Tail,  and  that  of  the 
Aurora  Borealis  are  alike  in  their  Ap¬ 
pearance,  and  agree  alfo  in  their  Pro¬ 
perties, 


§  October  16  th  or  17  th,  *763* 
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per  ties,  we  have  fome  Rea  foil  to  fuppofe 
that  they  are  Subilances  of  the  fame 
Kind. 

Having  gained  this  Step,  we  may  go  on 
in  our  Enquiries,  and  try  if  any  other 
Subfiance,  that  we  are  better  acquainted 
with,  has  the  fame  Properties  with  the 
Subfiance  of  which  Comet's  Tails  and  the 
Aurora  Borealis  are  formed.  It  is  now 
well  known  that  our  Atmofphere  abounds 
with  eledlric  Matter,  which  is  more  or  lefs 
contained  in  all  Bodies ;  this  Matter  is  ne~ 
ver  vifible  but  whilfl  it  is  paffing  from  one 
Body  to  another,  thro’  the  Air  or  a  Vacu* 
im,  it  then  appears  to  be  a  very  rare,  fub- 
tile,  fhining  Subfiance.  We  often  fee  it 
flafhing  from  one  Cloud  to  another,  or 
into  the  Earth,  with  great  Velocity  and 
Brightnefs,  and  then  we  give  it  the  Name 
of  Lightning;  and  in  the  fame  Manner 
when  we  bring  our  Finger  near  a  Bar  of 
Iron  flrongly  eleflrified,  we  fee  very 
bright  Sparks  iffue  from  it  to  our  Finger. 
It  Teems  that  Air,  in  its  common  State  of 

Condenfation, 
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Condenfation,  refifis  the  Egrefs  of  the 
elehtric  Matter  from  Bodies  in  which  it  is 
accumulated,  efpecially  if  they  are  round 
and  fmooth,  and  when  it  forces  its  Way  it 
feems  to  come  out,  as  it  were,  all  at  once, 
and  in  a  very  condenfed  State,  and  there¬ 
fore  it  appears  very  bright.  But  if  the 
Air  be  confiderably  rarefied,  its  Refinance 
is  thereby  greatly  lelfened,  and  the  elebtric 
Matter  cannot  be  accumulated  in  a  Body 
furrounded  by  fuch  Air,  for  in  that  Cafe, 
as  fail  as  it  is  communicated  to  the  Bo¬ 
dy  it  will  ilfue  out  from  various  Parts 
of  it  in  finall  Streams  of  a  faint  Light, 
as  will  appear  from  fome  Experiments 
I  fhall  have  Occafion  to  mention  pre- 

Now  fince  a  folid  Body  and  a  Cloud, 
when  eleflrified  in  denfe  Air,  will  both 
difcharge  their  Fire  in  the  fame  Manner, 
that  is,  fuddenly  and  in  bright  Sparks  or 
large  bright  Fla  Hies,  we  mull  conclude, 
from  Analogy,  that  when  they  are  both 
eledtrified  in  Air  much  rarefied,  they  will 

then 
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then  like  wife  difcharge  their  Fire  in  the 
fame  Manner,  and  confequently  that  an 
eledrified  Cloud,  raifed  into  the  higher 

J  O 

and  rarer  Parts  of  the  Atmofphere,  will 
difcharge  its  Fire  in  continued  Streams  of 
faint  Light.  And  as  we  fome times  fee 
faint  Flalhes  of  Lightning  in  a  Summer 
Evening  after  Sun-fet,  tho’  no  Clouds  ap¬ 
pear  ;  fo  if  the  Vapours  which  rife  into 
the  higher  Part  of  the  Atmofphere,  tho’ 
not  formed  into  Clouds,  carry  up  with 
them  the  eledric  Matter,  they  mud  dif¬ 
charge  it  in  continued  Streams  of  faint 
Light,  juft  as  a  Cloud  would  do ;  and 
thofe  Streams  of  Light  in  the  higher  Parts 
of  the  Atmofphere  rauft  exaflly  reprefent 
to  us  the  Appearance  of  an  Aurora  Bo¬ 
realis.  Any  one  will  readily  perceive  a 
ftrong  Refemblance  between  the  Aurora 
Borealis  and  the  define  Fire  difeharged 
from  a  Body  in  rarefied  Air,  who  will 
make  the  following  Experiments. 

Let  the  Air  be  almoft  exhaufted  out  of 
a  Glafs  Globe  or  Cylinder,  and  let  it  be 

turned 
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turned  by  a  Machine  and  rubbed  as  ufual; 
the  electric  Fire  will  then  appear  in  the 
Infide  of  the  Globe,  fhooting  out  in  vari¬ 
ous  Branches  of  faint  Light,  eroding  each 
other  in  all  Directions,  and  this  Light  will 
fomeiimes  appear  tinged  with  different 
Colours;  when  the  Air  is  very  much  ra¬ 
refied,  the  Light  appears  white,  and  grows 
more  of  a  purple  Colour  as  more  Air  is 
admitted  into  the  Globe.  [aJ  I  found 
this  Experiment  fucceed  belt  when  I  held 
in  my  Hand  the  Cufhion  with  which  the 
Globe  was  rubbed,  and  prelfed  it  fome- 
times  clofely  and  fometiraes  flightly  to  the 
Globe.  I  found  that  a  like  Appearance 
might  alfo  be  exhibited  by  the  following 
Experiment.  A  Cylinder  20  Inches  high, 
and  about  five  in  Diameter,  having  a  pret¬ 
ty  thick  Brafs  Wire  put  thro’  the  Top, 

was 


(a)  This  Experiment  was  firft  made  by  Mr. 
Hatokjbee ,  and  has  fince  been  often  repeated  ; 
and  I  hnd  that  the  Aurora  Borealis  has  of  late 
been  generally  fuppofed  to  be  an  eleffrical 
Ehaenomenon,  though  I  have  not  met  with  any 
Attempt  to  prove  that  it  is  fo. 
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was  almoft  exhaufted,  then  beintr  mvfelf 
cledirified,  I  moved  my  Finger  towards 
the  Top  of  the  Wire,  and  immediately  I 
faw  every  Spark  that  came  from  my  Fin¬ 
ger  divided  into  a  Multitude  of  fmall 
Streams  of  Light  iTuing  from  the  Wire  at 
right  Angles  to  it,  and  in  different  Direc- 
tions.  When  I  took  hold  of  the  Wire  I 
could  fee  but  little  Light  in  the  Cylinder, 
fo  found  it  was  neceffary  to  keep  my  Finger 
at  a  fmall  Diftance,  and  let  the  eledfric 
Matter  come  to  the  Wire  in  fucceffive 
Sparks.  I  thought  the  Lights  that  iffued 
from  the  Wire  were  brighteft  when  it  was 
oiled,  and  when  the  Air  was  about  go 
Times  rarer  than  the  outward  Air.  Se¬ 
veral  Perfons  almoft  as  foon  as  they  faw 
the  eledlric  Lights  compared  them  to  the 
Appearance  of  the  Aurora  Borealis ;  and 
certainly  thefe  two  Phaenomena  refemble 
each  other  entirely,  both  in  the  Colours 
of  their  Light,  and  in  the  Quick  nefs  of 
their  Motions.  For  when  the  Air  in  the 
Glafs- Globe  was  very  much  rarefied,  the 
define  Lights  appeared  very  white,  and 

became 
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became  more  of  a  purple  Colour  as  more 
Air  was  admitted  into  the  Globe ;  juft  fo 
the  long  Streams  of  Light  in  the  Aurora 
Borealis  are  very  white  on  their  upper 
Parts,  where  the  Air  about  them  is  much 
rarefied,  and  are  often  of  a  purple  Colour 
on  their  lower  Parts,  which  are  in  denfer 
Air.  And  as  in  the  Globe  the  eledfric 
Lights  appear  in  greater  Abundance  when 
the  Air  has  a  particular  Degree  of  Denfity 
than  in  other  Cafes ;  fo  the  quick  Appear¬ 
ing  and  Difappearing  of  the  Streams  of 
Light  in  the  Aurora  Borealis  may  pohibly 
arife  from  a  Charge  of  Denfity  in  the 
higher  Parts  of  the  Atmofphere.  For 
where  the  Air  is  fo  very  thin  it  may  be 
fubjedf  to  very  fudden  Condenfations  and 
Rarefa6lions,  occafioned  by  the  Motion  of 
the  Winds,  and  I  have  obferved  thofe 
Lights  to  appear  and  difappear  more 
quickly  in  a  windy  Night  than  when  it 
was  calm ;  though  their  Courfe  or  Di- 
re&ion  was  no  ways  influenced  by  the 
Wind. 


But 
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But  the  eleflric  Matter  appears  to  be  of 
the  fame  kind  of  Subltance  which  forms 
the  Aurora  Borealis ,  and  the  Tails  of  Co¬ 
mets,  by  its  having  alfo  that  remarkable 
Property  of  letting  the  Rays  of  Light  pals 
thro’  it,  without  having  any  Sort  of  Effect 
upon  them.  And  this  I  found  by  feveral 
Experiments,  for  I  obferved  that  fmall 
Rays  of  Light,  palling  over  fharp  Points, 
and  by  the  Edges  of  Knives,  from  whence 
the  eleflric  Matter  ilfued  abundantly,  were 
affedled.  in  the  very  fame  Manner  as  when 
thefe  Points  and  Edges  were  not  eleflrifi- 
ed.  Having  provided  a  large  Pane  of 
Glafs  properly  coated  on  both  Sides  with 
thin  fheet  Lead,  I  made  two  fmall  Holes 
in  the  Lead,  oppofite  to  each  other,  for  a 
Ray  of  Light  to  pafs  thro* ;  and  I  found 
this  Ray  was  no  more  refrafled  in  its  Paf- 
fage  thro’  the  Holes,  when  one  Side  of  the 
Glafs  v/as  eledlrified  plus ,  and  the  other 
minus ,  than  it  was  before  the  Glafs  was 
eleflrified  at  all,  or  after  the  eledtric  Mat¬ 
ter  was  difcharged,  which  Ihews  that  the 
Accumulation,  or  the  Abfence  of  this 

L  Matter 
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Matter  no  way  contributed  to  encreafe  or 
diminifh  the  refractive  Power  of  the 
Giafs.  I  found  that  when  Water  was 
eleCtrified,  no  Change  was  made  either  in 
its  Power  of  refraCting  or  reflecting  the 
Rays  of  Light. 

I  made  many  other  Experiments  of  the 
fame  Kind,  too  tedious  to  defcribe,  and 
they  all  led  me  to  conclude  that  the  elec¬ 
tric  Matter  had  no  Sort  of  EffeCt  on  the 
Rays  of  Light  that  paffed  thro’  it.  Since 
then  the  eleCtric  Matter  feems  to  be  of  the 
fame  Nature  with  that  which  forms  the 
Aurora  Borealis ,  and  abounds  much  in  the 
.Atmofphere,  and,  when  it  gets  into  the 
rarer  Parts  of  it,  will,  by  its  known  Pro¬ 
perties,  exhibit  to  us  an  Appearance  like 
that  of  the  Aurora  Borealis ,  we  muff  ac¬ 
knowledge  it  to  be  a  Caufe  really  exifling, 
and  fufhcient  to  explain  this  Phenome¬ 
non,  and  therefore  we  may  afcribe  the 
Appearance  of  an  Aurora  Borealis  to  the 
Rinng  of  the  eleClric  Matter  into  the  up¬ 
per  Regions  of  die  Atmofphere.  The 

following 
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following  Obfervation  will  ferve  further  to 
confirm  this  Opinion.  In  our  Summer 
Months,  when  the  elefiric  Matter  is  fre¬ 
quently  difcharged  from  the  lower  Clouds 
in  Lightning,  and  fo  returns  to  the  Earth, 
we  fcarce  ever  fee  an  Aurora  Borealis ;  but 
at  other  Times,  when  it  is  not  ufually  dif¬ 
charged  in  Lightning,  it  may  rife  higher 
into  the  Atmofphere,  and  will  occafion 
more  frequent  Appearances  of  this  Kind. 
And  this  probably  is  the  Reafon  why 
thefe  Appearances  are  more  frequent  in 
cold  than  in  warm  Climates,  the  former 
being  lefs  fubjefl  to  Storms  of  Thunder 
and  Lightning  than  the  latter.  In  Coun¬ 
tries  that  lie  far  to  the  North,  the  Au¬ 
rora  Borealis  is  faid  to  fhine  much  brighter 
than  with  us,  and  to  appear  almoft  every 
Night. 

As  the  preceding  Conliderations  feem  to 
make  it  probable  that  the  Tails  of  Comets 
confifl  of  the  fame  Kind  of  Subilance 
which  forms  the  Aurora  Borealis,  and  that 
this  is  no  other  than  the  eleftric  Matter ; 

L  2  I  fhall 


112  ON  THE  NATURE  OF  THE 


I  fhall  affume  this  as  a  Principle,  and  try 
if  I  can  from  thence  account,  in  fome 
Meafure,  for  the  Phaenomenon  of  Co¬ 
met’s  Tails,  and  in  doing  this  I  fhall  have 
an  Opportunity  of  making  fome  Obferva- 
tions  which  may  ferve  to  fhew  a  further 
Refemblance  between  thofe  three  Subfian¬ 
ces  that  I  have  compared  together.  The 
Earth,  and  ail  Bodies  near  it,  contain 
more  or  lefs  of  the  ele£lric  Matter,  and 
tho’  it  mav  be  accumulated  in  fome  Bo- 
dies,  and  diminifhed  in  others,  we  cannot 

be  fare  that  any  Body  may  be  totally  de¬ 
prived  of  it,  but  on  the  contrary  have 

great  Reafon  to  think  it  can  neither  be  in- 
creafed  nor  diminifhed  in  any  Body  be¬ 
yond  a  certain  Degree ;  we  mufl  therefore 
fuppofe  that  it  is  contained  in  all  Bodies 
in  our  folar  Sy flem.  Some  Bodies,  fuch 

as  Glafs,  Amber  and  others,  that  are  called 

> 

EleBrics,  aura  £1  and  retain  this  Matter 
more  flrongly  than  thofe  do  which  are 
called  Non-EleBrics ,  for  an  eletlric  Body 
will  draw  this  Matter  from  one  that  is  not 
eleblric,  againfl  which  it  is  rubbed,  and  it 

will 
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will  alfo  flop  the  electric  Matter  in  its 
Progrefs  from  one  Body  to  another,  and 
therefore  an  electric  Body  is  called  a  A  'on- 
conductor,  in  Opposition  to  other  Bodies 
thro’  which  the  electric  Matter  readily 
paffes.  But  we  find  that  any  Body,  even 
the  moil  electric,  if  fufficiently  heated, 
will  become  a  Conductor,  or  will  let  the 
electric  Matter  pafs  from  it  very  eafiiy, 
and  therefore  we  conclude  that  Heat  dif- 
pofes  all  Bodies  readily  to  part  with  the 
electric  Matter  they  contain,  and  we  have 
an  Inilance  in  the  Tourmalin  Stone  that 
fome  Bodies  will  always  throw  off  an  elec¬ 
tric  Matter  merely  by  being  heated.  Now 
when  a  Comet  comes  down  towards  the 
Sun,  from  Regions  of  extreme  Cold,  and 
begins  to  acquire  fome  Degree  of  Heat,  it 
will,  like  other  Bodies,  be  difpofed  to  part 
with  the  electric  Matter,  which  it  may 
poffibly  contain  in  great  Abundance,  and 
this  Matter,  when  thrown  off,  will  exhibit 
to  us  the  Appearance  of  a  fhining  Train, 
as  it  does  in  the  Aurora  Borealis ;  and  as 
the  Comet  comes  to  its  Perihelion ,  and  the 

L  3  Heat 
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Heat  increafes,  this  Matter  will  ilTue  more 
abundantly,  and  the  Train  or  Tail  will 
increafe  in  Length,  till  upon  the  Comet's 
receding  from  the  Sun  the  Heat  will  de- 
creafe,  and  this  Matter  being  pretty  much 
exhaufted,  the  Tail  will  be  contraded  in 
its  Dimenhons,  and  at  length  will  be  too 
far  removed,  and  grow  too  faint  to  be  ob- 
ferved. 


As  a  Comet  is  expofed  to  vafl  Extremes 
of  bleat  and  Cold,  Light  and  Darknefs, 
we  may  well  fuppofe  it  to  be  uninhabited, 
and  if  fo,  it  is  not  necelbary  that  it  fhould 
turn  different  Sides  to  the  Sun,  but  may 
always  keep  the  fame  Face  towards  it,  as 
the  Moon  keeps  the  fame  Face  towards 
the  Earth,  and  indeed  it  muff  do  fo  if  its 
Figure  be  that  of  an  oblong  Spheroid. 
Now  the  elebhic  Matter  which  riles  from 
the  Earth  goes  off  into  the  colder  Regions 
of  the  Atmofphere,  and  in  a  Direblion 
nearly  oppolite  to  the  Sun,  and  I  believe 
we  have  no  Inftance  of  what  we  call  the 
the  Aurora  Borealis  appearing  between  the 

Tropicks. 
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Tropicks.  Why  then  Ihould  not  this 
Matter  take  the  fame  Courfe  in  its  Pro- 
grefs  from  the  Head  of  the  Comet,  and 
fly  off  from  its  dark  Hemifphere,  where 
its  Atmofphere  is  colder  and  clearer,  and 
where  the  Vapours  are  thin,  and,  riling 
more  gradually,  will  give  it  an  Opportu¬ 
nity  of  rifmg  along  with  them  ;  whilft  on 
the  other  Hemifphere,  which  is  expofed 
to  the  Sun,  the  V apours  mud  rife  very 
thick,  and  form  Clouds  which  may  inter¬ 
cept  the  eieCiric  Matter  in  its  Progrefs, 
and  collecting  it  together  may  return  it 
back  to  the  Head  of  the  Comet  in  Li  Hit- 

O 

ning,  as  our  Clouds  in  hot  Countries  re¬ 
turn  their  eietlric  Matter  into  the  Earth. 
Befides  as  we  find  that  the  eleflric  Matter 
paffes  off  from  a  Body  where  it  is  rough 
or  pointed,  much  more  readily  than  where 
it  is  round  and  fmooth,  fo  it  is  poffible 
that  the  Hemifphere  of  the  Comet,  w'hich 
is  turned  from  the  Sun,  may  be  fo  formed 
as  to  part  with  the  eleHric  Matter  more 
readily  than  the  other,  which  is  turned  to¬ 
wards  the  Sun,  and  in  whatever  Direflion 

the 
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the  eleftric  Matter  is  thrown  off  from  anv 

J 

Body,  we  find  it  continues  to  move  with 
immenfe  Velocity,  as  I  obferved  in  the 
Streams  of  cletlric  Matter  which  iffued 
from  the  Wire  in  the  exhaufted  Receiver, 
I  obferved  alfo  that  thefe  Streams  did  not 
grow  much  thicker  as  they  advanced  in 
their  Courfe,  either  in  the  exhaufted 
Globe  or  cylindrical  Receiver ;  nor  did 
they  feem  diipofed  to  expand  themfelves 
into  the  Soace  that  furrounded  them,  but 
went  ftraight  forward,  juft  as  a  Ray  of  fo- 
lar  Light  would  do.  And  thus  the  Mat¬ 
ter  which  iftiies  from  a  Comet  proceeds 
in  the  fame  DiredHon  in  which  it  is  thrown 
off,  and  forms  that  large  Column,  which 
we  call  the  Tail;  and  we  fee  that  the  Mat¬ 
ter  of  which  the  'Fail  conftfts  has  very  lit- 

J 

tie  or  no  Difpofttion  to  expand  itfelf  into 
the  furrounding  Spaces ;  for  the  Tail  is 
not  much  broader  towards  the  End  than 
near  the  Head  of  the  Comet.  This  I 
think  is  a  moft  extraordinary  Property, 
both  of  the  eledtric  Matter  and  of  that 
which  forms  a  Comets  Tail,  and  which 

is 
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a  further  Argument  for  concluding  them 
to  be  of  the  fame  Nature,  for  they  both 
fly  off  from  the  Body,  in  which  they  are, 
with  great  Velocity,  which  feems  to  argue 
a  repulfive  and  expanfive  Force,  and  yet 
they  proceed  as  the  Rays  of  Light  do 
without  expanding  themfelves  laterally 
into  the  Spaces  thro5  which  they  pafs. 

And  this  remarkable  Property  feems 
well  worth  attending  to,  in  all  our  Enqui¬ 
ries  concerning  the  electric  Matter.  At 
prefent  we  are  fo  little  acquainted  with  the 
true  Nature  of  it,  and  fo  ignorant  of  the 
Subftance  which  forms  the  Body  of  the 
Comet,  that  it  is  not  to  be  expected,  we 
fhould  be  able  to  fay  how  it  can  furnifh 
fuch  a  vaft  Quantity  of  this  electric  Mat¬ 
ter,  or  to  aflign  with  Certain ty  the  Rea- 
fon  why  the  Tail  of  a  Comet  is  thrown  off 
from  its  dark  Hemifphere  in  a  Direction 
oppofite  to  the  Sun,  rather  than  in  any 
other  Direction.  Future  Experiments 
and  Obfervations  will  either  confirm  thefe 
Conjectures  of  mine,  or  fuggeft  others 

more 
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more  probable  ;  but  now  we  can  only  ar¬ 
gue  by  Analogy  from  the  rifing  of  the 
elediric  Matter  thro’  the  colder  Regions 
of  our  Atmofphere  in  the  Aurora  Borealis , 
that  the  fame  EfFeft  will  take  Place  in 
the  Atmofphere  of  a  Comet,  and  from 
the  fame  Caufe,  whatever  that  may  be. 

Sir  IJaac  Newton  obferves  that  the  Tail 
of  the  Comet  which  came  to  its  Perihelion 
on  the  eighth  of  December,  1680,  appear¬ 
ed  about  the  Middle  of  January  following 
to  be  bent  into  a  Curve.  Now  as  the 
Tail  was  convex  towards  thofe  Parts  which 
the  Comet  moved,  this  Bending  might 
feem  to  arife  from  its  meeting  with  fome 
refilling  Matter  ;  but  this  Curvature  was 
much  lefs  than  what  would  anfe  from  a 
refilling  Matter  denfer  than  the  Tail,  and 
whofe  fuperior  Gravity  would  be  able  to 
raife  it  up  from  the  Sun ;  for  he  tells  us 
that  on  the  5  th  of  January ,  when  the 
Tail  was  40  Degrees  long,  its  Chord,  or  a 
Line  drawn  from  the  Head  of  the  Comet 
to  the  Extremity  of  its  Tail,  made  an 

Angle 
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Angle  of  only  8  Degrees  with  a  great  Cir¬ 
cle  palling  thro’  the  Sun  and  Comet. 
But  that  this  Curvature  was  not  owing  to 
any  refilling  Matter  appears  from  hence, 
that  the  Tail  mull  be  bent  into  a  Curve 
tho’  it  met  with  no  Refillance ;  for  it 
could  not  be  a  right  Line,  unlefs  all  its 
Particles  were  projefled  in  parallel  Direc¬ 
tions,  and  with  the  fame  Velocity,  and 
unlefs  the  Comet  moved  uniformly  in  a 
right  Line.  But  the  Comet  moves  in  a 
Curve,  and  each  Part  of  the  Tail  is  pro- 
jebled  in  a  Diredlion  oppofite  to  the  Sun, 
and  at  the  fame  Time  partakes  of  the  Mo¬ 
tion  of  the  Comet ;  fo  that  the  different 
Parts  of  the  Tail  mult  move  on  in  Lines 
which  diverge  from  each  other;  and  a 
Line  drawn  from  the  Head  of  a  Comet 
to  the  Extremity  of  the  Tail  will  be  paral¬ 
lel  to  a  Line  drawn  from  the  Sun  to  the 
Place  where  the  Comet  was,  when  that 
Part  of  the  Tail  began  to  afcend,  as  Sir 
Ifaac  obferves ;  and  fo  all  the  Chords,  or 
Lines  drawn  from  the  Head  of  the  Comet 
to  the  intermediate  Parts  of  the  Tail,  will 

be 
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be  refpedfively  parallel  to  Lines  drawn 
from  the  Sun  to  the  Places  where  the  Co¬ 
met  was  when  thefe  Pans  of  the  Tail  be¬ 
gan  to  afcend.  And  therefore,  fmce 
thefe  Chords  of  the  Tail  will  be  of  dif¬ 
ferent  Lengths,  and  parallel  to  different 
Lines,  they  muff  make  different  Angles, 
with  a  great  Circle  palling  thro'  the  Sun 
and  Comet,  and  confequently  a  Line  palling 
thro’  their  Extremities  will  be  a  Curve. 

It  is  obferved  that  the  convex  Side  of 
the  Tail  which  is  turned  from  the  Sun  is 
better  defined,  and  fhines  a  little  brighter 
than  the  concave  Side.  Sir  Ifaac  accounts 
for  this  by  faying,  that  the  Vapour  on  the 
convex  Side  is  frefher  (that  is,  has  af- 
cended  later)  than  that  on  the  concave 
Side,  and  yet  I  cannot  fee  how  the  Par¬ 
ticles  on  the  convex  Side  can  be  thought 
to  have  afcended  later  than  thofe  on  the 
concave  Side  which  may  be  nearer  to  the 
Head  of  the  Comet.  I  think  it  rather 
looks  as  if  the  Tail,  in  its  rapid  Motion, 
met  with  fome  flight  Refillance  juft  fuffi- 
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cient  to  caufe  a  fmall  Condenfation  in  that 
Side  of  it  which  moves  foremoil,  and 
which  would  occaiion  it  to  appear  a  little 
brighter  and  better  defined  than  the  other 
Side ;  which  flight  Reii fiance  may  arife 
from  that  fubtile  fEther  which  is  fuppofed 
to  be  difperfed  thro5  the  celeftial  Regions, 
or  from  this  very  eleftric  Matter  difperfed 
in  the  fame  Manner,  if  it  be  different 
from  the  fEther.  Here  I  muff  obferve 
that  the  convex  Side  of  the  Tail,  which 
is  turned  from  the  Sun,  being  brighter 
than  the  other  Side,  affords  an  addi¬ 
tional  Argument  in  Favour  of  what  I 
have  afferted,  that  the  Tail  does  not 
fhiiie  by  reflecting  the  Surfs  Light.  And 
this  leads  me  to  fay  fomething  of  that 
luminous  (duality  which  we  obferve  in 
the  eledlric  Matter,  and  by  which  I  fup- 
pofe  the  Tails  of  Comets  to  fhine. 

The  W liters  on  Eledlricity  tell  us  that 
the  eledlric  Matter  carries  off  from  Bodies 
certain  fubtile  Particles  of  a  fulphurous 
inflammable  Nature,  which  it  kindles  as 
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foon  as  they  are  difengaged  from  the  Bo¬ 
dy,  and  thence  it  fhines.  And  this  Ac¬ 
count  is  proved  from  its  inflaming  other 
Bodies,  fuch  as  warm  Spirits,  and  from 
that  fulphurous  Smell  which  always  at¬ 
tends  the  electric  Matter,  and  which  any 
one  will  perceive  from  his  Hand,  if  he  re¬ 
ceives  the  eledlric  Sparks  on  it  for  fome 
time,  and  the  fame  Smell  is  more  flrong- 
ly  perceived  in  Places  that  have  been 
fmick  by  Lightning.  Now  thefe  inflam¬ 
mable  Vapours  which  often  abound  in 
the  Air,  being  carried  up  by  the  eledfric 
Matter,  and  kindled  in  the  higher  Parts  of 
the  Atmofphere,  will  caufe  it  to  fhine 
and  appear  to  us  in  the  Aurora  Borealis. 
That  the  eledlric  Matter  can  kindle  the 
inflammable  Particles  that  it  carries  off 
from  Bodies,  in  Air  highly  rarified,  or 
even  in  vacuo ,  appears  from  its  fhining 
in  the  upper  Part  of  the  Barometer,  in 
which  is  the  moil  perfedl  Vacuum  we  can 
make. 


But 
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But  perhaps  it  may  be  faid,  that  with¬ 
out  having  recourfe  to  the  eleHric  Mat- 
ter,  we  might  fuppofe  the  Comet  or  a 
great  Part  of  it,  to  confifl  of  fome  very 
combuflible  Matter  which  may  take  fire 
by  a  frnall  Degree  of  Heat,  and  blaze 
out  in  fuch  Abundance  as  to  occafion 
the  luminous  Appearance  we  call  the 
Tail.  And  this  Hypothefis  may  appear 
at  firft  Sight  more  natural  and  probable 
than  the  one  I  have  fuggeiled ;  yet  1 
imagine  it  will  not  be  found  fo,  if  we 
examine  it  attentively.  For  if  the  Comet 
•were  to  take  fire  and  blaze  out  as  burn¬ 
ing  Bodies  do  with  us,  the  elafiicity  of 
the  Flame  might  indeed  raife  it  to  fome 
Diflance  from  the  Body  of  the  Comet, 
but  then  it  would  rife  equally  on  all 
Sides,  or  rather  to  a  greater  Height  on 
the  Side  next  the  Sun,  where  the  Heat 
is  greatefl.  And  a  Flame  of  this  kind 
could  not  be  carried  up  in  a  DireHion 
oppofite  to  the  Sun,  unlefs  it  were  by 
the  fuperior  Denfity  and  W eight  of  fome 
furrounding  Medium  which  gravitates  to- 
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rvards  the  Sun  ;  juft  as  we  find  the  Flame 
of  burning  Bodies  is  raifed  upwards  by 
the  PrefFure  of  the  furrounding  Air.  But 
I  have  (hewn,  in  the  former  Part  of  this 
Eftay,  that  a  Medium  denfer  and  hea¬ 
vier  than  the  Tail  muft  refift  and  re¬ 
tard  its  Motion  much  more  than  that  of 
the  Comet,  and  therefore  could  never 
permit  the  Tail  to  move  foremoft  as  it 
fom e times  does,  but  muft  caufe  it  always 
to  fall  behind,  and  consequently  to  ap¬ 
pear  as  directed  towards  the  Sun  when 
the  Comet  has  pafled  its  Perihelion ,  and 
is  retiring  from  the  Sun.  So  that  in  or¬ 
der  to  account  for  the  conftant  Afcent 
of  this  luminous  Matter  in  a  Direblion 
oppofite  to  the  Sun,  we  muft  have  re- 
courfe  to  lome  Medium  that  has  no 
fenfible  Gravity,  and  that  is  apt  to 
move  in  fome  particular  Dire&ion  from 
the  Body  in  which  it  is,  and  with  fuch 
Velocity  as  to  carry  the  burning  Matter 
to  a  vaft  Diftance  from  the  Comet 
before  it  is  entirely  confumed.  Now  I 
believe  we  do  not  know  of  any  Medi¬ 
um 
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um  that  has  thefe  Properties  except  that 
which  we  call  the  elefiric  Matter,  tor 
it  feems  no  more  affefled  by  the  Force 
of  Gravity  than  the  Rays  of  Light  are, 
and  when  it  moves  freely  it  is  apt  to  go 
on  in  the  Direflion,  in  which  it  fet  out, 
as  I  obferved  before,  and  then  it  moves 
with  fuch  a  Velocity  as  we  cannot  mea~ 
fare,  for  it  has  been  found  to  pafs  thro’ 
a  Wire  two  Miles  and  a  half  in  Length, 
as  it  were,  inflan taneou fly.  This  Medium 
therefore  feems  not  only  capable  of 
kindling  fuch  fubtile  inflammable  Par- 
tides  as  it  meets  with  in  the  Comet,  but 
alfo  of  carrying,  them  off,  before  they 
are  con  fumed,  to  the  vaft  Diftance  to 
which  the  Tail  fome times  extends. 

Where  the  inflammable  Particles  are 
quite  confumed,  the  Tail  of  the  Comet 
mull  end ;  and  the  define  Matter  will 
afterwards  he  inviiibly  difperfed  thro*  the 
planetary  Regions,  where  it  may  be  ga¬ 
thered  up  by  the  Planets  in  their  Cour- 
fes  round'  the  Sun.  For  fince  we  find 
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this  hind  of  Matter  placed  in  all  Bo¬ 
dies  by  the  Wifdom  of  Providence,  we 
mull  conclude  it  is  neceifary  for  carry¬ 
ing  on  the  feveral  Operations  of  Na¬ 
ture  ;  and  we  know  it  is  very  apt  to 
efcape  from  Bodies  by  its  great  Subtilty 
and  repelling  Force.  We  fee  it  rifes 
from  the  Earth  into  the  Atmofphere, 
and  is  probably  going  off  from  thence 
when  it  appears  in  the  Aurora  Borealis . 
In  like  Manner  it  may  fly  off  from 
the  other  Planets,  and  be  continually 
expanding  itfelf  from  the  Center  of  our 
Syftem  beyond  the  Orbit  of  Saturn.  So 
that  it  may  be  neceifary  it  Ihould  be 
brought  back  again  and  difperfed  among 
us  by  the  Comets.  And  it  feems  to 
me  more  probable  that  Comets  were 
intended  for  this  Ufe,  than  for  that  of 
fupplying  the  Planets  with  Moiffure,  as 
as  Sir  Ifaac  Newton  thought.  His  Opi¬ 
nion  was  founded  on  a  Suppofition 
that  all  Vegetables  have  their  Growth 
and  Increafe  entirely  from  Water,  and 
that  lince  they  do  not  turn  again  into 

Water 
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Water  but  into  Earth,  there  muft  be  a 
continual  Decay  of  Moiflure,  and  there¬ 
fore  a  frefli  Supply  of  it  mull  be  ne« 
celfary  from  time  to  time,^  But  this 
Suppofition  does  not  feem  to  have  been 
fufficiently  grounded  on  Experience.  For? 
lince  Sir  Ifaac  wrote,  Dr.  Woodward ,  an 
ingenious  Phyfician,  made  feveral  Ex¬ 
periments  on  Water  and  Vegetables  grow¬ 
ing  from  it.  He  (hews  that  all  Water 
contains  an  earthy  Matter,  and  con¬ 
cludes  :  ‘  It  is  evident,  thatrWateris  not 

c  the  Matter  that  compofes  vegetable  Bo- 
6  dies ;  but  is  the  Agent  that  conveys  that 
«  Matter  to  them,  that  introduces  and 
6  diilributes  it  to  the  feveral  Parts  for 
their  Nourifhment.  Where  the  proper 

4  terreflrial 


515  Nam  Vegetabilia  omnia  ex  Liquoribus  om- 
nino  crefcunt,  dein  magna  ex  parte  in  Terrain 
aridam  per  Putrefa&ionem  abeunt,  &  Limus  ex 
Liquoribus  putrefaftis  perpetuo  decidit.  Hinc 
moles  Teme  aridae  indies  augetur,  &  Liquores, 
nifi  aliunde  augmentum  fumerent,  perpetuo  de- 
crefcere  deberent,  ac  tandem  deficere. 
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c  terreflrial  Matter  is  wanting,  the  Plant 
c  is  not  augmented,  tho’  never  lo  much 
e  Water  afcends  into  it/f  This  is  alfo 
the  Opinion  of  Dr.  Boerhaave ,  and  he 
affirms  from  his  own  Experience,  that 
pure  elementary  Water  cannnot,  by  re¬ 
peated  Did  illations,  or  other  wife,  be  con¬ 
verted  into  Earth.  J  So  that  there  feerns 
to  be  no  Neceffity  for  fuppofing  a  gra¬ 
dual  Decay  of  Moiflure  in  any  of  the 
Planets.  B elides,  if  the  Comets  were 
intended  to  fupply  the  Planets  with 
Moiflure,  none  of  them  could  ferve  for 
this  Purpofe  more  than  once,  but  mult 
afterwards  become  ufelefs,  tho'  they  re¬ 
turn  regularly  in  their  Orbits,  which 
is  not  agreeable  to  the  CEconomy  of 
Nature.  For  when  the  Heat  of  the 
Sun  had  driven  all  the  Moiflure  it 
could  from  a  Comet  in  its  Perihelion ,  where 
ffiould  it  afterwards  get  a  freffi  Supply  ? 
We  can  fcarce  fuppofe  the  Planets  to 

lofe 
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lofe  any  Moiflure  by  Evaporation,  as 
no  Vapours  can  rife  above  their  Atmof- 
pheres.  Or  even  if  any  very  thin  Va¬ 
pours,  Steams  or  Effluvia  of  a  rnoiil  Ma¬ 
ture  ihould  arife  from  them,  they  could 
not  have  Heat  and  Elafiicity  enough 
to  expand  themfelves  very  far.  But 
the  eleflric  Matter,  from  its  vaft  fubtil- 
ty  and  velocity,  feems  capable  of  mak¬ 
ing  great  Excurflons  from  the  planetary 
Syftem,  and  therefore  the  feveral  Co¬ 
mets  in  their  long  Excurflons  from  the 
Sun,  in  all  Direflions,  may  overtake 
this  Matter ;  and  attra fling  it  to  them¬ 
felves  may  come  back  replete  with  it, 
and  being  again  heated  by  the  Sun, 
may  difperfe  it  among  the  Planets,  and 
fo  keep  up  a  Circulation  of  this  Matter, 
which  we  have  Reafon  to  think  is  ne- 
celfary  in  our  Syflem. 

Sir  Ifaac ,  after  giving  his  Opinion 
that  the  aqueous  Particles  thrown  off 
from  Comets,  are  taken  up  by  the  Pla¬ 
nets 
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nets  as  a  fupply  of  Moifture  adds  :  4  I 
4  fufpe£l  moreover,  That  that  Spirit  which 
4  is  the  leafl,  but  the  mofl  fubtile  and 
‘  the  befl  Part  of  our  Air,  and  is  ne- 
4  ceffary  for  fupporting  the  Life  of  all 
4  Things,  comes  chiefly  from  the  Co- 
4  mets’J  which  fhews  that  he  thought 
the  Tails  of  Comets  misdit  confift  of 

O 

iomething  more  than  watery  Clouds 
and  Vapours.  What  he  meant  by  thefe 
Words  I  cannot  fay,  but  I  think  they 
are  extremely  applicable  to  that  kind  of 
Matter  which  I  have  fuppofed  comes 
to  us  from  the  Comets ;  and  with  which 
our  Air  generally  abounds. 

I  fhall  now  recapitulate,  in  a  few 
Words,  the  Subfiance  of  what  has  been 
faid.  As  the  Tail  of  a  Comet,  tho'  ex¬ 
ceedingly  rare,  yet  meets  with  no  Re- 

fiflance 

+  Porro  fufpicor  Spiritum  ilium  qui  Aeris 
noftri  pars  minima  eft,  fed  fubtiliftima  &  op¬ 
tima,  &  ad  rerum  omnium  vitam  requiritur  ex 
Cometis  praecipue  venire. 
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fiftance  in  its  rapid  Motion  round  the 
Sun,  (except  fo  flight  a  one  as  can  only 
caufe  a  very  fmall  Condenfation  on  that 
Side  of  it  which  moves  foremoft,  and 
thereby  may  make  it  a  little  brighter 
than  the  other  Side)  it  cannot  poffibly 
move  in  a  Medium  denfer  and  heavier 
than  itfelf,  and  therefore  cannot  be  raif- 
ed  up  from  the  Sun  by  the  fuperior 
Gravity  of  fuch  a  Medium.  And  fince 
the  Tail  is  not  capable  of  refleffing  or 
reflating  the  Light  of  the  Stars,  it 
cannot  ihine  by  relieving  the  Sun’s 
Light;  and  confequently  does  not  com 
fill  of  Clouds  or  aqueous  Vapours,  but 
is  itfelf  a  fhining  Subfiance,  the  na¬ 
ture  of  which  it  is  the  bufmefs  of  Phi- 
lofophers  to  difcover.  And  from  what 
Aflronomers  fay  of  the  Splendor  of 
Comet’s  Tails,  I  am  perfuaded  they  do 
not  fhine  with  fuch  a  dull  Light,  as 
would  be  re  fie  fled  to  us  by  the  Clouds 
or  Vapours  at  fo  great  a  Diflance,  but 
with  a  brifker,  tho’  a  glimmering  Light, 
fuch  as  would  arife  from  a  very  thin 

volatile 
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volatile  burning  Matter.  And  here  I 
mull  not  omit  an  Obfervation  of  Dr. 
Halley  s,  which  feems  very  much  to  my 
Purpofe.  In  his  Defcription  of  the 
remarkable  Aurora  Borealis  feen  in  Eng¬ 
land  in  the  Year  1716,  (which  I  men¬ 
tioned  before)  fpeaking  of  the  great 
Streams  of  Light,  he  fays  :  They  Jo 
much  refembled  the  long  Tails  of  Comets , 
that  at  JirJl  Sight  they  might  util  be  ta¬ 
ken  for  fuch.  And  afterwards,  This 
Light  feems  to  have .  a  great  Affinity  to  that 
which  the  Effluvia  of  eleBric  Bodies  emit 
in  the  Dark. L  From  whence  we  find 
that  this  accurate  Obferver  perceived  a 
Refemblance  between  thofe  Subfiances 
that  I  have  been  comparing  together. 
Now  i  have  ilrewn  that  they  agree  re¬ 
markably,  not  only  in  their  Appear¬ 
ance,  but  alfo  in  fuch  Properties  as  we 
can  obferve  in  each  of  them,  and  there¬ 
fore  I  have  fuppofed  them  to  be  Sub- 
ilanccs  of  the  fame  Nature.  I  have 

alfo 
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alio  endeavoured  to  fhew  that  the  elec¬ 
tric  Matter,  from  its  known  Properties, 
is  capable  of  exhibiting  to  us  all  the 
Phenomena  of  Comet’s  Tails,  and  that 
we  may  from  thence  affign  the  Ufe  of 
Comets  with  more  Probability  than  has 
hitherto  been  done. 

I  have  been  lefs  fcrupulous  of  pro- 
poling  fuch  Conjeflures  as  occurred  to 
me  concerning  the  Subfiance  that  forms 

O 

the  Tail  of  a  Comet,  as  I  confidered  that 
though  they  fhould  hereafter  appear 
groundlefs,  as  very  poffibly  they  may,  yet 
others  by  examining  them,  and  compar¬ 
ing  them  with  future  Experiments  and 
Obfervations,  may  probably  be  led  to 
the  Difcovery  of  fomething  on  this  Sub- 
jedl  that  will  be  more  fatisfablory.  And  I 
think  every  Hypothefis  relating  to  the 
Effefls  of  the  eleftric  Matter,  if  at  all 
plaufible,  may  have  its  Ufe,  by  inducing 
us  to  make  further  Enquiries  into  the 
Nature  and  Properties  of  that  Kind  of 
Matter,  from  a  Knowledge  of  which  I 

fufpefl 
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fufpefl  our  future  Improvements  in  Na¬ 
tural  Philofophy  will  chiefly  arife ;  ef- 
pecially  in  that  Part  of  it  which  relates 
to  Fire  and  Heat,  the  Nature  of  which 
is  at  prefen t  but  little  known. 
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